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INTRODUCTION. 

The present memoir is devoted to a discussion of the data contained in the memoirs 
of the hourly observations at 29 stations in India, published in the India Meteorological 
Memoirs, Vols. V, IX and X, chiefly with the object of investigating- the relations of the 
diurnal variations of the air pressure to the diurnal changes of other elements of meteoro- 
logical observation, 

There is no doubt from the results of recent investigations that the diurnal oscilla- 
tion of air pressure is due in part to general meteorological actions, common to the whole 
atmosphere, and in part to localized- actions, the intensity of which varies very consider- 
ably at different stations. 

The chief object of the present memoir is to endeavour to separate these local 
effects and actions from the general effects and actions, and to determine, so far as is 
at present possible, the causes to which they are due. 

The data accumulated in the memoirs are examined and discussed in the following 
order in eight chapters — 

(1) Solar radiation ; 

(2) Terrestrial radiation ; 

(3) Ground temperature; 

{4) Temperature of the air; 

, (s) Aqueous vapour pressure ; 

(6) -Cloud ; 

(7) Air movement ; 

and 

(8) Air pressure. 

The final chapter (Chapter g) is devoted to an examination of the relations between 
the diurnal and annual changes of these elements, and an investigation into the more 
important phenomena of the diurnal oscillation of pressure in India, 



32 


DISCUSSION OF THE RESULTS OF THE HOURLY OBSERVATIONS 


CHAPTER 1 . 

Solar Radiation. . , , 

The hourly observations were talten of fhig.element.ljymeans.of soIaT.radiation- 
thermometers, the bulbs of which W?re coafed wHh Janipiblack and, enolo.sed in, ’ large 
bulbs of ordinary glass from which the aifiWas partially exhausted. ,The hourly observa- 
tions recorded on clear days at nine stations were tabulated and given in the memoirs. ', 
A summary of the data is given in the following table (Table I) and curves' plotted, , 
from the data will be found in Plates VI apd V^I, ' , , : 

A partial examination of the observations obtained by the use of • these - instru- ' 
ments in India, which I made in 1889, indicated that they were of little va,lue, as the , 
solar radiation thermometers were liable to large irregular changes which ipade theip' 
unfit for accurate observation, except under, conditions which it , was not possible to 
obtain in India, except perhaps at the first class observatories. , ' , 

The late Mr. Hill, Meteorological Reporter to the Government of the North-Western 
Provinces, subsequently (in 1890) went more (ully into the (Question and came to similar, 
conclusions. His conclusions were briefly given in the Annual Report for 1889. ' 

They were as follows : — ' ' 

" 1st, — There is no advantage whatever in attempting fp correct th'e obserya.tions ' 
to a common standard. The uncorrected readings in many, if pot .most, ’ 
cases agree better than those to which the corrections have been applied- 
A few days’ observations under identical conditions are hot sufHdeht to,de» ‘ 
termine the correction with any approach to accuracy, The thermometers , 
are so variable in their indications that in one ordinary case which I have 
w'orked out, it would seem that at least 44 months’ comparative readings 
would be required to furnish an average correction with a probable error 

of only one-tenth of a degree. ■ ■ ' ■ ' ' 

2nd, — The differences between the indications of 'two thermometers placed side.- 
by side are in very many Instances subject to ah anniiaj variation, showing- 
that the correction to a common standard cannot be made by adding or 
subtracting a fixed quantity, but that the amount bf this correction; is 
variable, and perhaps capable of being expressed as a function of the 
temperature indicated. This, I believe, has already been , pointed out by 
- Mr. Whipple of J^ew Pbseyyatory. . , , ' , . 

gtd. — The older thermomefets, even pftpr correction, on .the .whole, give lower 
readings thsu the newgr opgsV Some of the latter, when , compared 
with the oldest thermometer of the set, appear to fall off considerably in 
sensitiveness even in the short period ,of twelve months. It is not, how' 
ever, always the newest thermometer which' shows this falling off most dis- 
tinctly; sometimes an instrument two or three.years old decreases in sensj 
tiveness more rapidly than, a perfectly new one; sometimes , a so an 
instrument after remaining nearly constant in its indications for severa 

months, as compared with the . oldest of the set, suddenly; shpws a rpp. 
and unaccountable falling off in sensitiveness. ' • ’ • ' ' 



33 


RECOKOED AT 29 STATIONS IN INQIA. 

■4thi-^The indications' ot the instruments Are thus in .most cases totally unreliable, 
and the observations consequently worthless. The ’only possible excep- 
tions, I cah see, to this sweeping condemnation are observations made 
\tith instriimenfs Which have teen irt cohSlafit use for ten years ot mote 
and which may perhaps be assumed to have arrived at a constant condi- 
tion as regards sensitiveness.” 

Davis in his Elementary Meteorology writes as follows Of the solar radiation ther- 
mometer and its Use ;i-— 

“ It is sometimes desired to obtain an indication of the intensity of sunshine, 
independent of the 'temperature of the air.- This is roughly effected by a. maximum 
thermometer having the bulb coated with dull lamp-black, the thermometer being enclosed 
in a glass tube from which the air has been exhausted. The lamp-black on the bulb 
absorbs a large share of the sunshine, and the absence of air around the bulb prevents 
cooling by Conduction. A temperature much above that of the surrounding air is thus 
reached. It is customary to record simply the excess of the maximum thus gained 
over that of the ordinary maximum reading. This excess, however, varies So greatly with 
the conditions Surrounding the instrument that it is mot admissible to regard observations 
with black-bulb thermometers as having any precise or Comparable value. The instru- 
ment cannot be recommended for ordinary observation.” (FiWe page 6i, Elementary 
Meteorology by Davis). 

In the following table are given the values of the mean hourly excess of insolation 
temperature on clear days in three seasons of the year for nine stations. The data are 
plotted as -curves in Plates VI and VII. An examination of the data shows that they are 
more or less unsatisfactory and are not inter-comparable. It is hence not considered 
necessary to discuss them, and the results are solely given for reference by Meteorologists 
who may be interested in the subject. 


Table I . — Giving mean hourly excess of insolation temperature at the hours of apparent time. 


Station. 


7h. 

Eh, 

gh. 

loh. 

iih* 

H 




i6hi 

i7h, 

Maximum. 

Epoch. 

Value. 



0 

9 

0 

e 


0 

e 

0 

0 

9 

s 


0 


Mean, January and February . 

lO'J 

MV 

45'0 

49'3 


53'0 

S3'i 

49'3 

30*0 

lC'4 

3'S 

0-43 p.M. 

S3'4 

1 

„ March and April . 


33 V 

447 

So-9 

537 

53'l 

SI'3 

50-7 

46-2 

32*3 

19-8 

Il«53 A.M. 

53'2 


„ October to December . 

I9‘3 


43'* 

52-1 

syc 

S7'2 

S7'0 

54' > 

19'9 

10*9 

5'4 

0*23 P.M. 

S7'3 

mm 

„ 7 monlbs • • • 

I 7'0 

3 S-I 

45‘3 

SO ’8 

52’3 

S4'l 

S3-8 

sr'4 

32*0 

19'9 

1 97 

0-23 „ 

54-2 

■ 

■i 

Mean, January and February, 


9*4 

31 '3 

33’2 

48-3 

S6'2 

57'i 

S6'3 

40-1 

30*5 

2 *S 

1-2 P.M. 

S7'2 


„ March and April . , 

3'3 

I7'4 

31*3 

42 - 8 - 

50-8 

54’9 

5S'3 

So'O 

41-9 

26-3 

7-8 

0-35 » 

SS'S 


„ October to December . 

.M 

9’l 

3I‘6 

337 

49-2 

557 

syi 

49-0 

37 'S 

13*2 

... 

0*4 I» 

SO'4 

n 

f, 7 months • • • 

... 

tro 

247 

36’2 

49'4 

S5'fi 

SS'S 

S2‘o 

4a'3 

20*0 

... 

0“33 »i 

SS'9 


Mean, January and February . 

3‘3 

I4’S 

33'S 

4y3 

Sl'i 

S5'2. 

53*3 

39'8 

.eS'4. 

13*0 

V6 

0-5 P.M. 

SS'S 


„ March and April . 

4-C 

S3'S 

39-3 

48-9 

M'S. 

54'S, 

■S3'9! 

•49'7, 

■39'i; 

■r7‘fi 

13-8 

n>45 A.M. 

54'9 

S- 

< 

„ October to December . 

4‘I 

! 2'0 

29’6 

40-3; 

'54'2 

.’SC'3 

'54‘C’ 

4C'>, 

4t'0' 

OI'O* 

4't 

0*3 P.M. 

55'4 


„ 7 months . . 

4-0 

ie-3 

33'9 

47'0' 


55-0 


'4S'2 

3S'4 

20*5 

6-5 

0 ^ i» 

55'; 
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Table h-^Givnig mean hourly excess of insolation - temperature at- the Hours '‘of .apparent ' 
/j'we— -concluded. • . ^ 



Mean, January and February # 0'6 25*5 4S'6 

5 „ March and April « . 22*9 4o*S 53‘4 

* 

^ „ October to December . 4*5 2i‘t 4G'i. 

. n 7 months % • • 12*3 29‘j 49*4 

Mean, January and February , 19*7 437 53*6 

o , ' ■ 

g „ Match anti April . . sS'4 44-9 53*3 

5 * 

<1 „ October to December t3‘fi 3S'2 So'S, 

S U >i 7 months . • . ' 2o'6 42'3 32‘C 


Mean, January and February • s't 
„ March and April . . n'a 

„ October to December . yi 
„ 7 months , . < C'S 

Mean, January and February , 2o‘S 
,, March and. April . . 27‘S 

„ October to December . ly'C 
„ 7 months. ... . !2't. 4o'4 

Mean, January and February . 

„ March and April . ' , 

„ October to December' . 

„ 7 months 

Mean, January and February . ... ’ 317 

March and April I. , 31*4' 397 

,, October to December . 

■„ 7 months . . i • 



lahi'l iah.' •4h. 1 ish, 


36'8 
. 2g'6 397 

32'1 ,397 

S 3‘3 SS ‘5 
SS'S 



S7’9 387 SS'i SS'o 

SS'S S7’<> 307 53'6 

S7fo S8'9 5S‘3, SS’}' 

57-8 SB'S ,Sr7 34-e 

S8'9 397 S7'6 S4’9 

S 7'6 S7'i 567 i3-i | 4S'i 41-0 

s' 7‘4 58'0 S7-0 SS'I I 

SS'o sS'l' S6'9. S4'4 

5*'3, dS'Sj 
S2'3 
SI'S . 

srs so'9 

SS'S SI'S 
S7'« SS'S 
S2 1 So'o 
S4'J 'S:'4, 

C7'l .f5'4 I 
'dS'4 

637 Cl '9 
,CJ7 Cj'O 
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CHAPTER II. 

Nocturnal Radiation. 

The observations for the determination of this element consist of hourly readings 
of a spirit thermometer laid on a pad of woollen blanket one foot square, which 
rests on the ground. The difference of these and the corresponding readings of 
the standard or dry bulb thermometer, 4 feet above the ground, under a thatched 
shed open on all sides, are taken as the data for the following table. The read- 
ings were taken from midnight to 5 or 6 A.M., and from 6 or 7 p.m. to the 
following midnight. Thus each day’s readings consist of two, six or seven hour 
scries, one of which begins, the other ends with midnight. The hourly means of all 
the obsei^-ations having been computed for each month, it is generally found that the 
two midnight means differ more or less from each other. In order to combine them, 
therefore, as a continuous series, the mean of the two midnight means is adopted 
for that hour and the -{-or — difference between this mean and the mean midnight 
recorded value is applied as a correction to the scries which it begins or terminates. 
The obser\'ations of these instruments, unlike those of solar radiation thermometers, 
are strictly comparable. 

The following table gives a summary of the mean seasonal data of the differences 
between the shaded thermometer and the nocturnal radiation thermometer for stations in the 
interior of Central and Northern India (excepting Assam). The data give means for the 
three seasons of the year, vis., the cold weather, the hot weather and the rainy season, and 
for the typical months of these seasons, vis., December, April and July. It may be noted 
that the cold weather season includes the period, October to February ; the hot weather, 
March to May ; and the rainy season, June to September. 


Taele II . — Mean differences hclvecn the temperature of the axr and tie temperature indicated 
by the grass radiation thermometer in Exlra^Tropicat India Inland. 


Etatiov, 

Elm! ion. 

MrA?; 7 r.u. to j a.m. 

MeAK, TlTICAl WOKTII. 

CoM 

IM 

wtMhcr. 

... 

Rainy 

Sfzvcn. 


AptiU 

July. 



Fort. 

e 

e 

0 

0 

0 

• 

Pstni 


1 S 3 

ra 

53 

3*6 

y‘5 

5‘9 

- 3 

Ilnwlbagh .... 


J/xj; 

iri 

lO’O 

3*4 

tfj 

JO'S 

27 

Albhab.nd .... 

« 

3'^ 

urO 

10*2 

3-3 

xi-S 

in 

5'5 

Luci^now • • • # 

• 

370 

9'S 

82 

3-0 

103 

8'3 

s'O 

Apr.t ..... 

• 

SSS 

10*7 

«t>'S 

5-0 

iVS 

ift 

4 5 

RootVee .... 


SS 7 

8-5 

7-8 

3‘3 

87 

S'7 

3‘3 

Lahore .... 


7 OJ 

e '6 

7S 

4-7 

8-4 

'/A 

4'o 

Dc«a 


406 

105 

9'4 

3**1 

lO'S 

io ‘3 

3 0 

Jaipur ..... 


L53' • 

lO'S 

9-3 

4‘3 

tr.S 

10*0 

3‘3 

Jubbulpore .... 


1.357 

8-3 

f/O 

3'0 

8 f. 

0'4 

3*3 

Mr.in 


... 

9-4 

8-7 

37 

gS 

97 

2 '.S 
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The data indicate that the differences between the:readings of the airl and grass * 
radiation thermometers are fairly constant throughout the cold and hot weather periods, . ■ 
averaging 9°. The differences vary slightly frOnl station to station, depending in .part 
upon the humidity of the atmosphere, and in part upoh local peculiarities of exposure. , 

The differences between the readings of the two thermonieters are small during the ' 
south-west monsoon period and average 3°’7 for the preceding stations. They, vary to 
a smaller extent during this period than the preceding tw'O periods of the yfear,’ .and' afe i 
smallest in the coast districts for which they average 2°*7, and increase into the interior, 
and are greatest in the Punjab and the drier districts 'of- the North'- Western Provinces and 
Rajputana. 


Table III. — Giving the maximum and ininimttm dtffer'cncbs'iinci Ihcir hoiirs'o/ vaeurH'ncc bu the,, 
mean night oj the year at stations in the interior o/ Northern and 'Central India {kxlrd‘f 
Tropical India Inland.) • ' , ' ■ ■ 


Statioh. 


Patni . 
Hazaribagli 
Allahabad 
Lucbnoiv . 
Agra . 
Roorkee . 
Lahore . 
Deosa 
Jaipur . 
jubbulporo 



Ah examination of the whole of the data supports fully the inference suggested 
fay the figures of the preceding table that the mean differences between the air tempera- 
ture at four feet above the ground and the temperature indicated by' the grass ■ radiation 
thermometer are nearly constant in arnount during the night. The differences for stations m , 
Extra Tropical India are usually greatest shortly after sunset, and' diminish .very, slightly 
until the morning hours (about s A.M.) shortly before sunrise. ■ ■ , ' , ' ' . r, 

It will be seen from the data in Table II that the differences for ^he co an 
hot weather seasons differ very little in amount,' and it is hence more satisfactory, on t ^ 
whole, to divide the year into two season's, .wa,, the dry season or season -of ry ^n 
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winds and the wet season or season of damp winds of oceanic origin. The following 
gives comparative 'data from this standpoint, for stations in the interior of Northern 
India : — 


Taijle W.-r-Mean differences between the temperature of the air and the temperature indicated 
by the grass radiation thermometer during eaeh season, and also their maximum and minimum 
values and their epochs at stations in the interior of Northern and Central India {Extra- 
Tropical India Inland). 



MEAN 

DIFFERENCE 
7 P.M. TO 

5 A.M. 


7P.M'TOsA.M. 


7 P.M. TO S A.M. 

Statio.v. 

Dry 

SEASON. 

' Wet 

SEASON. 


'Dby season. 



Wei' season. 



Octo- 
ber to 
May. 

June to 
Sep- 
tember. 

Maxi- 

mum 

during 

night. 

Epoch. 

Mini- 

mum 

during 

night. 

Epoch. 

Maxi- 

mum 

during 

night. 

Epoch. 

Mini- 

mum 

during 

night. 

Epoch. 


0 

0 

0 


0 


D 


p 


Patna . . 

5'3 

2-6 

S'9 

7 

s-i 

Midnight, to 

1 A.M . 

2-8 

7 P.M. 

2-5 

10 P.M. to 
midnight. 

Haaaribagh 

10*7 

3-4 

. io ’9 

II P.M. 

10*2 

7 P.M. 

3'6 

8 P.M. and 
10 P.M. 

3'2 

2 to 5 A.M, 

Allahabad . ' . 

ID'S 

3'3 

10*9 

7 P.M, to 
• 9 ' P.M. 

lO'O 

3 A.M. to 
5 A.M. 

3'4 

7 P.M. to 
9 P.M, 

3'J 

SA.M, 

Lucknow . . 

9'0 

3-6 

92 

2 A.M. 

8-8 

10 P.M. to 
midnight. 

3-8 

8 pm. to 
10 P.M. 

3'3 

5 A.M. 

Agra . . 

lo'C 

5'o 

H'O 

4 A.M. 

9-9 

7 P.M, 

5‘6 

5 A.M. 

4'o 

7 P.M. 

Roorkee ■ 

^’2 

3-3 

8-6 

7 P.M. 

7-8 

4 A.M. and 

5 A.M. 

3-5 

4 A.M, 

3-0 

7 P.M, 

Lahore . . 

8-2 

47 

8'8 

7 P.M. and 
8 P.M." 

TS 

S A.M. 

47 

9 to 11 P M. 
2*35 A.U. 

4'6 

8 P.M. mid- 
night 1 and 

4 A.M. 

Deesa . , . 

10 ’ r 

3’4 

in 

7 P.M. 

9‘4 

5 A,M. 

3'6 

8 P.M. 

3-2 

Midnight. 

Jaipur . , 

10-3 

4-2 

10-5 

7 P.M. to 
9 P.M. 

10*0 

3 A.M. 

4-6 

4 A.M, 

3'2 

7 P.M. and 

9 P.M. 

Jubbulpore . 

8-6 

3'o 

8-9 

8 P.M, 

8-2 

Midnight. 

3'4 

5 A.M, 

2*8 

9 P. M. to 
midnight. 

Mean . 

9-1 

37 

9'6 


87 


3'9 


3'3 



The mean difference in the dry season for these ten stations is 9 ‘°£, and the mean 
range of variation during the night is only o’ 9 °. In the wet season the mean .difference 
is 3‘7° and the mean range of variation o*6°. It may be .noted that the observatory at 
Patna is in the immediate vicinity of the bazar, and hence it is probable the small differ* 
ences at that station are due to the influence of the smoke from the numerous fire 
lighted in the evening for cooking purposes. . , 
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' In the following Tables V to VII are given corresponding data for stations in the' 
interior of the Peninsula or Tropical India;— , ‘ 

Table V. — Giving mean seasonal differences helvcecn' ihe temperature of the ait and temperature , 
- indicated by the 'grass radiation thermometer at stations in the interior of Tropical India: ~ \ ;• 


Station. 

t 

Elevation. 

Nagpur . . • . . 

Feet. . 
1.025 ■ 

Peona ...... 

1,840 

Betgaum . . . . > 

2,524 

Bellary . ► , . . 

M 7 S 

Trichinopoly .... 

255 

Mean of Nag(pur, Poona and Bei- 
Ijaum. 



Meam,7P.m. tojA.U. 


Meam, Typical kokth.' 


CoW Hot ” Ramy 

Weather. Weather. Season 


' sS™. December,’ April. ' July. ^ 




The differences vary so largely at tliese stations as to suggest ‘ very; different 
exposures. At Nagpur the observatory is situated, at a considerable distance from the- city 
on a slightly eles'ated tract of ground, and hence most favourably , situated for' these- 
observations. The observatories at Bellary and Trichinopoly were, on the other, hand,. on 
relatively low ground, quite close to the bazars, and the smoke- from the , -fires (made 
chiefly by leaves, small twigs and straw. giving dense smoke) lighted in the evening for 
cooking the evening meals of the natives probably hung over the observatories .diifing- 
the night. They were shifted to less objectionable sites, ' distant from the bazjirs, some 
years ago. - - . • 

Table Vle~Giving the mean amplitudes and epochs of the maximum and minimum values of the, 
differences between the air temperature and temperature indicated by the' grass radiation 
thermometer at stations in the interior of Tropical i ndia ’ - T - ■ , ' , • ’ ■' 


Station. 

.Maximum. 

' Epocli. 

Minimum. 

'■ Epoch. '■ 

Nagpur . ... . . . . 

0 *' 

10*9 

ho r.ii. to 
. II r,M,' 

0 . 

■,io'4 

. 7 F.M . . 

Poona , » ■ , .. . ' . » > 

■ . 8-5 

4 A.M.' 

'.>0. '■ 


Belgaum , ' t . .. . ' 

. ' ■ 

■ - 4 ■ 



Bellary .. 

. 4-2 . ■ 

' ; 5 

‘ i‘6 


Trichinopoly • . . . - 'o . . 

;■ '27 • 

'5 it ' ' 


- 7 , ' 

Jifc.m 

6-5 

*»• 


‘ *** f' 

The maximum differences n ere ^ observec 

at these stations m 

the- morning (about 4 


to 5 A.M.) and the minimum in the evening (7 P.M.).. The corilfast between- the yalpe^- 
of .the, maximum and minimum at four of these' stations is marked, .more especially at- 
Trichinopoly and .Bellary; , This, it is evident, is in full, agreement with the peculiar; con- 
ditions-of the exposufe'.bf the grass: radiation thermometer at these two staU’ons pointed', 
but in the preceding paragraph'.- ’ 

‘ The, following gives a summary, of the data for the 'twoiseasons of- the year, via,, t jx 
dry season and .the' wet .season; The' contrast belweeri ' the' da^' for the. two- seasons, 
is much less marked than at stations in Northern, and Centra! India..' 
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Table VII.— diff’erencts helvsetn the temperature of the air and the temperature 
indicated by the grass radiation thermometer in the dry and wet seasons and the mean maxi- 
mum and minimum values of the difcrences and their epochs^ at stations in Tropical India : — 



mmm 


rr.M.tosA.M. 

. 


7 r.M. to 5 a.m. 


Station. 

Dry 

SeaK>n. 

Wrt 
Sea von. 


Dry Stawn, 



Wet Season. 


November 

to 

May. 

June 

to 

Oflobtf. 

Manmum 

dottnR 

oijrbt. 

Epoch. 

Minimum 

dtJtlnjf 

ninbt. 

Epoch. 

Maximum 

during 

nlfihl. 

Epoch. 

Minimum 

during 

tiighu 

Epoch. 

Nagpur . • 



>4*4 

lor.M. 

lyo 

7 r.M. 

0 

6‘2 

9 r.M. 

0 

S ’8 

3 A.M. 

Poona .... 


■ 

Ifs 

and 
ti r.M 

4 A.M. 

6-6 

7 .. 

4’3 

and 

10 r.M. 
4 A.M. 

37 

7 r.M 

ndgaum ... 


>7 


4 >. 

6-7 

7 r.M. 
nrnl 

S r.M. 

a'3 

4 .. 

«*4 

7 .. 

BcV.srj' , . 


3*6 


5 .. 

J‘4 

3*3 

S ti 

rS 

7 .. 

Trichinopoly . . 

l-s 


m 

5 •* 

0*6 

7 r.M. 

a-i 

5 „ 

o-S 

7 .. 

Mean 

rs 

m 

8-6 

... 

5-S 

... 

3*6 

• »* 

2*5 

... 


The data for these stations are unsatisfactor)*. They appear to show that the 
radiation from objects near the earth's surface (as indicated by the differences between 
the readings of the grass radiation thermometer and the ordinary thennomelcr in the shade, 
is least in amount about 7 P.M. and increases during the night and until 4 A.M. or $ A.M. 
in the early morning. It is probable that this at Poona and Bclgaum is, in part, if not 
entirely, due to the decreasing influence during the night hours of the sea winds which 
prevail at these two stations during the wet monsoon and to the .alternation of land .and 
sea breezes in the dry monsoon. Tliis influence is, it may be noted, .also exhibited in the 
cloud curves (Figs. 13 to 16 in Plates XLIV and XLII). The explanation in the cases 
of Bcllaty and Trichinopoly has been given in the preceding page. 

In the following Tables, VIII to X, are given corresponding data for stations in the 
coast districts of India and in the damp v.alicy of the Brahmaputra. (Tropical and 
Extra-Tropical Coasts and Assam) 

Table VUl^Giring mean seasonal differences between the temperature of the air and the tem- 
perature indicated by the grass radiation thermometers at coast stations in Indio and at 
stations in Assam, ' 


Statiok. 

Elcritlon. 

McAN J F.U.TX) S A «> 

UtAN, Tvric.«. MONTH. 

Ceid 

WTAthC'. 

nci 

wtatt.tr. 

Rxlny 

Dccemhcf. 

Ar?n. 

July. 





Peel, 

0 

0 

# 

0 

e 

c 

Rangoon 

« « 

« • 


41 

6*1 

3*9 

3*3 

61 

37 

*•9 

Chittagong 

• * 

f « 

• 

67 

73 


3*5 

7*3 

4*6 

4*3 

KurracKe* 

• t 

» * 

* 

<9 

E‘3 


3'3 

8*3 

67 

rS 

Aden , 

. 

« h 


9» 



3'9 


3*3 

3*4 

Dhxbri 

* • 

• » 

• 

»S 


S*S 

3*7 


5‘n 

31 

Slbsagsr 

• 

« « 

• 

333 


4*4 

3*S 

IIBSIII 

4*3 

•'A 



Mc.*.n 

« 

mi 


4*6 

IIIIIIQIH 

6-9 

4-6 

S'S 


The preceding data indicate that the differences due to radiation arc greatest in the 
cold weather and least in the rains and arc intermediate in v.iluc in the hot season wlicn 
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DISCUSSION OK THE RESULTS OF THE HOURLY OBSERVATIONS 


local sea winds obtain at these coast stations. The data for Sibsagar indicate that the ' 
differences are small for all seasons in the Upper Assam Valley and are less in the cold 
weather than at the coast stations. 


Table IX.— Giving ihs mean values and epochs of the maximum and minimum diferenccs between 
the air temperature and the temperature indicated by the grass radiation thermometer at 
coast stations in India and stations in Assam, 


station. 

Maximamr 

pom 

Minimum. 

Epoch. 

Rangoon 

e 

4'4 

1 A.M. 

0 

4-3 

7 P.M. to 8 r.M. 

Chittagong 

59 

8 r.M. to 

4-9 

and II P.M. to 
midnighi. 

4 A.M. to S A.M 

Kurrachee 

' 6-0 

10 r.M. 

10 r.M. 

47 

7 r.M. 

Aden 

4'i 

Midnight 

Z‘3 

7 m. 

Dhubri . 

6*2 

8 r.M. 

5-3 

5 A.M, 

Sibsagar ........ 

S'9 

7 .. 

3-8 

4 A.M. to S A.M. 

tilcan . 

5-4 

... 

4‘4 

1 **• ’ 


The epochs of the maximum and minimum values differ considerably. In the 
Assam Valley and at Chittagong ,the maximum occurs at 7 P.M. to 8p.m. andthe 
minimum in the early morning from 4 A.M. to 5 ‘A. M., or practically at the 'same hours 
as in the case of the interior stations in Extra-Tropical India. This is probably due to 
similar causes, namely, the occasional formation of a thin veil of cloud in the areas 
represented by these stations, due to cooling during the night or early morning hours. 


Table X, — Giving mean data for the two seasons of the }’car,vn,^ the dry and wet scasofs and 
the epochs of the maximum and minimum values on the mean night representative of each 
season at coast stations in India and stations in Aosam, 



VIEA^ mFFERE^CE 

7 P.M. TO 5 AM. 

7 r.M. TO 5 A.M. 


7 P.M. TO S A.M. 

- 

Station. 

Dry 

Season, 

Wet 

Season, 

Dry Scssoo. 

Wet Seasoo. 


0 . 

w ^ 

SZ 

gla 

3 c 

.i”:d 


n 

■ 

tc 

e c 

E w5 

■ 

£ ^ 

3 c 

H 


c a 

0 

Si 

3 ** 

« ee 

s 

Q. 

to 

mi 



H 

’c = ec 

jgt} c 

n 


0 

0 

e 


0 


0 


0 


Rangoon , , 

5’3 

23 

5‘4 

1 A.M. to 

5'3 

5 A.M. 

3'4 

II P.M, 

2 r 

J ‘0 



3 A.M. 




mid* 


8 P.M. 








3-6 

night. 



Chittagong , • 

8 ‘S 

3'5 

r* 

8 P.M. to 

57 

4 A.M. to 

ID r.M. 

3-3 

5 A.M. 



10 r.M. 


5 A.M. 


5 A.M. 



Kurrachee . . 

rs 

3’2 

7'9 

10 P.M.^ 

63 

7 P,M. 

27 

' 3 

7 r.M, 

Aden « • » 

3-S 

39 

3‘9 

II r.M. 
to mid* 

3-S 

7 r.M* 

4-5 

1 

2-9 

7 „ 





night 

and 

4 A.M. to 


< 


■ 



Dhubri . , , 

72 

1 

27 

77 

5 A.M. 
7 P.M. 

6 -S 

5 A.M. 

29 

P P.M, 

2-4 

7 .. 

*■ 



to 8 r.M 



46 ’ 




Sibsagar . 

47 

3‘S 

65 

7 P.M. 

4'i 

5 r.M- 

7 M 

3‘o 

4A.M, 

Mean 

S‘9 

3'o 

m 

■ 


H 


... 

3S 

».« 
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.. Iii the' following tables. XI, to XIII are ^ven corresponding data for hill stations in 
Northern and Gentral India. . 

Table msdn sedsonal differences between the temperature', off the air and' the 

temperature indicated '.by the- grass radiation thirmoniete'r. at hill stations in India, 



Table XII . — Giving the mean values and epochs off the maximum and minimum differences 
between the air temperature and temperature indicated by the grass radiation thermometer 
at-hill stations in Indiai 



table weaw differences ffor the dry and wet seasons off the year and iheiialtles 
and epochs off the maximum and minimum differences at hill stations in India, 
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DISCUSSION OF THE RESULTS OF THE HOURLY OBSERVATIONS 


Table XI shows that the differences between the readings ol the grass radiation ther- 
mometer and the thermometer in the shade are larger at the hill than the plain stations." 
They are especially large at Pachmarhi in the dry season and at Leh throughout the year. 
The differences average I2'’‘3at Pachmarhi in the dry season and 4°'i in the rainy season. 
At Leh they average i2°'i in the former season and in the months corresponding 
to the rainy season in India. ' ^ 

Table XII indicates that the differences are least at 7 P,M. and increase to 4 A,M. 
or 5 A.M, These stations are all situated in the dry interior and obey the same law as the 
plain stations in the interior of the Peninsulaj that the radiation increases in 
amount to a moderate extent during the night and has its maximum value about i J hours ' 
before sunrise and its minimum shortly after sunset. It should be carefully noted that the 
inverse law, vis., that the differences decrease during the'night hours obtains at stations 
in the interior of Extra-Tropical India, including Assam. - , 

Table XIII gives the mean difference and the maximum and minimum values and’, 
epochs for each of the two chief seasons of the year. 

The three following tables give monthly data for 24 stations for reference 


Table —Mean hourly differences hetioeen the iemperalure of the 'air and the temperature' 
indicated hy the f>rass radiation thermometer for tnean night hours of the year ['l P.M, to 
5 ^J/.) at S4 stations in India. j 


Station. 

7 P.W. 

SP.«. 

OP.M. 

10 

JI P.M, 

Mid- 

tiighl, 

) A.Ur 

■ 

3A*W‘ 

4 A.M. 

S A.M. 





e 

e 

0 

« 

B 

0 

e 

0 

0 

0 

» 


^atoa « t • 

f 


4-C 

4‘S 

4'S 

4’4 

19 

47 

4'3 

4*3 

I « 

' 4’3 

. 4’4 

a 

Haianbagh . , 

0 


8*0 

8-4 

8'4 

8-4 


87 

8-3 

8-3 

8*3 

S'l 

8*0 

< 

Allahabad t * 

0 


8'4 

S'4 

84 

S-I 

^^9 

8'1 

8*0 

S'o 

7-8 

77 

76 

ca < 

td S 

s a 

Lucknow « < 

« 


> 

rs 

7'3 

7-1 

n 

7’1 

77 

7’3 

^•2 

77 

7'0 


Agra . . , 

« 


7'0 

s-s 

S ‘6 


87 

88 

8-9 

90 

0*1 

9'1 

g-o 


Roorkee • * 

• 


GS 

C-7 

67 


G*7 

C '6 

05 

e-s 

C-S 

6-4 

0-3 

«.« 

oO 

s 

Lahore < , 



s 



77 

fo 

6*9 

7*0 

7*0 

C-g 

6'7 

Of 

Decso • $ 0 



S'S 



8 'J 

7*8 

7-6 

7-6 

7*6 

7-? 

77 

T4 

s 

Jaipur . . 

* 

. 

8 'i 



87 

S *2 

S7 

S '2 


8-3 

S'3 

S’S 


^Jubbutpo^e . • 

t 


G*3 





C-4 

C ’6 

C7 

67 

6 S 

60 

u 

Nagpur . . 

• 


10*4 

10*8 

to 8 



SO B 

10*8 

*0*7 

to*7 

107 

10*6 


Poona » « 



So 

C‘l 

OS 



8*0 

' S'o 

S-t 

8-3 

B-S 

B'4‘ 

0 p 













CO 

a: 5 

oS 

Belg^aum . « 



4*5 

4'<i I 

4'9 

S-l 

S’l 

5-4 

S7 

S7 

S'O 

6-3 


1 Bellary . , 



1*6 

17 

17 

17 

3'» 

3*4 

$7 

3'0 

4‘x 

4'I 

4'a 


\Trich’inopoly . 





0-8 



*7 

27 

2*2 

2*4' 

2*6 

=7 

cn 

Z 

'Rangoon • » 




^^9 

f3 



47 

4*4 

4*3 

4‘3 

4*3 

4*3 

0 

Chittagonjj « • 

« 

, 



5*0 


rs 

ss 

5'4 

5*3 

S'o 

4‘0 

47 


Kurrachce , • 





S -8 




ss 

sS 

S'O 

ys 

_ s-s 

t/i 

< 

Aden • . , 

• 


■W 


3'S 

3-8 

BH 

BB 

.3 9 

3-8 

3-0 

4*0 

3'0 

6 

Dhubri • 0 

• 


' 6-1 

6*2 

6-1 “ 

G'o 



S '6 

s-s , 

S'3 

, 5-3 

5*3 


.Stbsagar • , 

• 



5*4 

5'* 

47 


BB 

4 * 

BB 


, 3'8. 

‘S'S 


rPachrnarhi « « 

« 


8*0 

1 : 

8 'Q 

9*0 

0*3 

BB 

BB 

0*9 

ID 

10*5 

10*4 

105 


keh . . 

• 


10*6 

11*6 

tvg 

tvq 

12*0 

is'o 

ra ‘3 


i3'8 

s la'p 

' 13*0 

V* 

in 

V^Simla . • « 

• 


8-5 

86 ' 

. 8-9- 

0*2 

0*4 

07 

- 9*9 

' 10 * 1 ' 

lO'O 

lO'l 

lO'O 

^ 











































RECORDED’ AT "29 STATIONS IN INDIA. 


43 


Table 'SN,—^Mean hourly differences between the temperature of air and the temperature indicated 
by the grass radiation thermometer for mean night hours of the dry season^ October to May^ 
at 24 stations in India. 



I A.M. 2 A.M. 3 A.M. 4 A.M. 5 A.M, 


j Lucknow 

§ < I Aj^ra . 

\ Roorkee 
o 

^ Lahore 

b. 

O 

« Deesa . 
o ' ^ 

S Jaipur 

£. Jubbulporc 

w /Nagpur 

^ < Poona . 

C D 

g 2 /Belgaum 

gS B diary 

— . \Trichinopoly 

'Rangoon 

g Chittagong 

a Kurrachce 

^ a/ 

Aden « 

g Dhubri 

Sibsagar 

tn rPachroarhl 

^ * I 


6*s 

6*1 

10*4 

U*I 

10*4 

11*2 


5*1 

10*8 
10*4 

9*1 

10*8 
8*1 

8*1 8*2 

9*8 9*8 

tO *2 10*1 

8*2 8*4 

13*8 13*8 

10*4 10*5 



13*1 

is -8 

13‘0 

X3*0 

12-3 

12*6 

lO-I 

10*3 ! 

lo *6 



Table XVI . — Mean hourly differences between the temperature of the air and the temperature 
indicated by the grass radiation thermometer for mean night hours of -the wet season, June to 


September, at 04 stations in India, 
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DISCUSSION THE RESULTS QF THE.'HOURLY OBSERVATIONS 

Table XVI.~Medn differences behvccft the temperature of the air anti ttie temperature- ' 
indicated by the grass radiation thermometer for mean ni^hi hours of the •act season, June to 
September, at' 24 stations in India — concld. ' . . ■. ' / 


Station. 

7 P.M. 

S r.M, 

9 PiM. 

10 P3t« 

.11 P*M, 

' Mid- 
n'gliti 

.t A.M. 

2 A.11. 

3 a.m. 

4 a.m; 

5 A.M.' 





n 

e 

0 . 

0 • 

e 

, . 

L ' 0 

" 0 

& 


* 

td 

X 

/Nagpur . 

• 

• 


4 - 0 ' 

; s-o 

S*I 

■ 5*0 

' 4-9- 

' 4'D 

• 4-S-' 

"fo 

■' , 

• S'i“ 

H . 














Poona . 



Htl 

i 

; a-s 

. 3'o 

3*3 

' 3*3 

3'3 

. 3'7- 

3*3 

3-6 

.3‘4 

VI / 

o5\ 

BcJgaum • * 



1*1 

Vt 

1, »-2 


ra 

1*3 

i‘4~ 

'' rC 

1*6 


tg' 


iBellary • • 



*•9 

J a'o 

3*0 

2*0 

2*7 

* 

, 2*S 

' 3*9 

3*0 

3*J’. 

''3*2 

■ 3*3 ' 

X 

TrieWoopoly « 



o-S 

0*9 

O'g 

1*0 

'■3 

, 

I'fi 

.'•7 

I-O 

2 *0 ' 

, 2*1 


'Raogoon • • 

• 


a-. 

2*1 

2-3 

-3 

=•4 

. 3*4 

2*3 

2*3 

3*3 

' ' 3*2 / 

,='3 ■ 

w 

X 

Chitegong . 



3*4 

3-S 

3*S 

3-6 

3*5- 

3-S 

, 3-S 

3'S 

. 3-4 

. 3'4’. 

, 5*3 ' 

0 

Kurrachee « « 



1-3 

.-7 

3*0 

3*1 

2*2 

' a-a 

2*2 

2*2 

- 7-S 

■ a-G - 

;'.=-7, 

V}' 

Aden • « 


« 

3‘g 


3'S 

S'O 

4-‘l 

4-4 

■ 4-5 

4'l 

4 * 3 ' 

4*3 . 

- 3’S 

w 

•< 

Dhubri » , 


• 

<t‘4 


a-g 

sS 

a-B 

a-'S 

,7-7 

> 5 ' 

2-S 

i-5 • 

3*5 

U 

Sibsagar . 


• 

4-6 


3 - 9 . 

3-7 

3‘4 

3’3 

3-3, 

■ya ' 

3*2 . 

3*0 

3-a ' 

!</ 

oPachmarb! • • 


• 

3-2 


4*0 

■rt 

4-2 

4'I 

■ 4*3 

4*3' 

m 

- 4*3 

m 

Lah . . . 



11*0 

13*2 

12*4 

12*1 

12*0 

t2'l 

12'S 

la-s- 


tz*j 


U ( 
to 

Simla • • 



c-s 

0-3 

7-6 

•7-4 

S'o 

■7-S' 

■ E-a 

' s-3 

s-s 

' ‘E-3 

i-p 


An examination of the Tvhole of the data of Tables II to XYI suggests the foliowiftg ’ 
inferences respecting this element of observation. .For the sake of brevity the differences' 
between the terhperatures indicated by the grass radiation thermometer and the dry bulb ^ 
or standard thermometer in the shade are termed surface radiation residuals or radiation' 
differences: — . 

(i) The surface radiation residuals vary, very slightly . from place to place during ‘ 
the dry season iri the interior of India (omitting the data of the. doubtful stations of . 
Trichinopoly, Bellary, and Lucknow). - The grass radiation thermometers used in' these 
observatories were ordinary minimum therihometers, placed on pads .covered with thick 
noniconducting material (usually coarse flafiiiel) tipon.the ground arid exposed freely to the 
sky. The grass radiation thermometers, when exposed in fhis nianrier, assume tempera- ■ . 
tures lower than those of the minimum thermometers in the shade. This is, of course, due 
to the facttiiat while' both thermometers at night ^ve up heat to the surrounding air, the 
grass radiation thermometers radiate beat into s'pace and at the same time receive practi- 
cally no heat from the ground.- ■ They Hence record a temperature considerably lower, than 
the temperature of the air and slightly lower than the ground temperature.; The differences 
between the readings of the grass radiation thermometer and ordinary thermometer in the.- 
shade are usually assumed to be approximate relative irieasures of the radiation from ., 
surfaces at and- near tiie earth. If this be the, .case the differences between the grass ' 
radiation and air in shade thermometers -are approximate. measures of the amount of heat 
.conducted upwards from bodies at and near .'the earth’s ’ surface, and increasing the 

, temperature- of tjie air or radiated into space. _ ■ ■_ . , , ' 

• The following gives means for the stations of Lahore, Rdorke'e,. Agra, Allahabad- 
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Jaipur, Jubbulpore, Nagpur 'and Hazarlbagh, stations which are oiltside of the action of 
any sea winds blowing across tfie Bay or the West 'Coast 'during the whole period of the 
dry monsoon': — 


Table "XMlh^Mean difference of the shaded thermometer and the nocturnal radiation 

thermometer (7 pm: to 5 A.U.). 


, 








Absoluts highest and lowest differences 









'DURING reeiod' November to May. 

Station. 


c 

u 


A 




E 

■ 

■ 

E 


■■ 


E 

u 

> 

0 

a 

u 

ij 

U 

rt 

9 

c 

rt 

-a 

•s 

r] 

X 

1 

‘k 
, « 

H 

1 

9 

E 

*c 

rS 

c 

H 


Z 

Q 



oG 

•< ^ 


S 



s 

S' 



0 

0 

0 

m 

0 

0 

0 

0 


- 

0 


SB 

Lahort , , 

.’lO'O 

8-4 ■ 

S -6 


S-o 

7'4 

7-2 

lO'S 

Nov. 

tgkao 

5-9 

May 

5 

Roorkee . . 

9-6 

87 

8-2 

77 

8-2 

87 

6-3 

io‘6 

fi 

rS 

57 

yy 

lgSc2o 

Agra . 

10*9' 

11*2 

n2 

to*9 

n'S 

in 

8-9 

12*4 


7 

7-5 

yy 

19 

Allahabad , . 

II'S 

li'S 

11*2 


1 17 

11*1 

7-6 

J3'3 ' 

Apl. 

19 

4-1 

yy 

6 

Jaipur . , 

n -9 

ii'S, 

10*0 

10*2 

10*4 

10*0 

77 

12*8 

Nov. 

19 

4 ' I 

yy 

6 

Jubbulpore . 

9 'o 

8-6 

87 

9 ' I 

97 

9‘4 

77 

10*1 

Apl. 

5 

T3 

yy 

0 & 1 

Nagpur, . 

14U 

IS'S 

U -5 

13-8 

14*0 

I 4'2 

12*6 


Dec. 

19 

iri{ 

March 

May 

18 

'9 

Hazaribagh . ^ • 

n*o 

117. 

iVg 

I2*I 

irs 

io"8 

77 


Jan. 

Feb. 

} " 

4-0 

May 

iS 

■Mean 

Il'O 

to -9 

I0-5 

i6'3 

10'6 

10*3 

8-2 






■ 

Mean maximuiri 
ditierence. 
Meanminimutn 

11*6 

ii'6' 

11*2 

10*9 

iri 

ir2 

s-p 





} 

1 



difference. 

to'S 

ID'S 

g'Q 

g-e 

10*0 

■9-4 

77 








The differences vary to some extent, due in part at least to slight differences of 
exposure with respect to the neighbouring native bazars. 

The mean difference for these stations for the period is 10° which is also very 
approximately the difference for Jaipur. The mean difference between the ground tem- 
perature and the air temperature for the same diurnal period and period of the year at 
Jaipur is 6° nearly. The difference between these two quantities, vis,, 4°, probably repre- 
sents the conduction of heat upwards through the earth’s surface during the night hours. 

(2) The radiation differences at the stations in the coast districts during the year 
are considerably smaller in amount than for the stations in the interior. They also differ 
considerably during the season and are largest in December and January and decrease 
from Eebruary to May with the increasing influence of the local sea v/inds of the period. 
They ayerage 6°*5 in the cold weather and 4'’’5 in the hot weather. 

(3) The radiation differences during the rainy season are practically the same in 
amount over nearly the whole area in which the monsoon humid currents obtain in full 
strength during the period. They average 3° in the coast districts and 3° to 4° oyer the 
whole of the interior, excepting Upper India where they range between 4° and 5°. The 
differences between the dry bulb thermometer and surface thermometer readings (as given 
by the Jaipur data) average about 2®. This difference of 2° hence probably represents 
{ or is a relative measure of ) the amount of heat conducted upwards as heat through the 
Aarth-’s surface in the rainy season at Jaipur, It is barely half of the corresponding amount 






















46 DISCUSSION OF THE RESULTS OF THE HOURLY OBSERVATIONS. 

for the dry weather, vis., 4”. It hence follows that at least half of the amount of heat 
conducted upwards through th6 surface stratum in the rainy season is spent in the work of 

evaporation, and the remaining half passes outwards raising the surface temperature, and 

hence to a slight extent the temperature of the neighbouring air masses, 

(4) It is also noteworthy that the radiation differences are fairly constant in 
amount during the period of general prevalence of the rains from the 15th June to the 
iSth September, 

( 5 ) As already noted the radiation differences are slightly greater in the cold than 
in the hot weather in the interior of India. This is probably due to the combination of 
decreased cloud amount and dust and decreased quantity of aqueous vapour in the night 
hours during the former as compared with the latter season. 

( 7 ) The radiation differences decrease slightly in amount during the night hours 
from 8 p. M, to $ A. M. throughout the dry season at the following stations in the interior 
of Northern and Central India ; — 

Allahabad. 

Roorkee, 

Lahore. 

Dccsa, 

Jaipur, 

This is apparently due to slight increase of cloud in the early hours. The decrease is 
very marked at Chittagong, Sibsagar and Dhubri, where there is usually a considerable 
amount of cloud in the early morning hours (vide cloud curves, Fig. 1 in Plate XLII and 
Figs. 25 and ai in Plate XLI). 

The differences are practically constant throughout the night at Hazaribagh, Patna, 
Jaipur, Lucknow, Nagpur and Rangoon. 

(8) The radiation differences increase slightly to considerably during the night 
hours in the dry season at the coast stations and stations in the interior of the Peninsula, 
and also at the hill stations iit the Himalayas, The following table (KVlll) gives data 
in illustration : — 


Jubbulpore, 

Chittagong, 

Dhubri. 

Sibsagar, 


Table XVIII. 

DliV SFASON. 


Statiom. 


Maximum 
during night. 

Epoch. 

Minimum 
during night. 

Epoch, 



0 

n-s 

4 A.M. 

0 

&6 ' 

7 P.M. 



9'0 

4 ■) 

67 

7A8 „ 

Trichmopoly 


5 » 

0 6 

7 „ 

Be'lary 

49 

s 

J'4 

7&8 „ 
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Table XVIII— "eoMe/rf, 


' 

. Station. 

1 

DRY SEASON. 

7 f.M. TO S A.w. 

during night. 

Epoch. 1 

Minimum 
during night 

Epoch. 


0 


0 



7‘9 

10 P.M. 

6-3 

7 


3’9 

II P.M. to 

3'5 

7 » 



midnight 



1 


4 & 5 A.M. 




I 3‘6 

5 A.M. 

10*4 

7 .. 

Simla 

10-6 

2&S .. 


7 


I3'2 

s *. 

Hi 

' 7 .. 


( 9 ) At the great majority of stations in the interior the differences increase slightly 
during the night hours in the wet season due to decrease in the amount of cloud and also 
in small part to decrease in the strength of the winds. The following gives compara- 
tive data for these stations ; — 


Table XIX. ' 


Station. 

WET OR RAINY SEASON. 

7 P.«. TO s A.M. 

Matimum 
during night. 

hpmmum 
during night 

Difference. 

Time of 

maximum epoch. 

Time of 

minimum epoch. 







e 

• 

■I 



Sibsagar 


• • 




4‘6 

3-0 


7 P.U. 

4 A.M, 

Roorkee 

' ^ 

• • 



« 

3-5 

3'0 

HI 

4 A.M. 

7 P.M. 

Jaipur . 


• • 



• 

4-6 

3-3 

>“4 

4 

7 .. 

lubbulpore 


• • 



* 

3’4 

2‘8 

0*6 

5 II 

9 P.M. to 











midnight. 

Poona 


• • 




3'6 

2*1 

fs 

4 II 

7 P.M. 

Beigaum 


• « 




1*8 , 

I*I 

07 

4 11 

7 A 8 1, 

Kurrachee 


• ■ 


• 


2-7 

>•3 

f4 

5 „ 

7 » 

Aden 



* 



4'S 

2-9 

v6 

1 .. 

7 .. 

Pachmarhi 


• • 




4‘3 

3'* 

VI 

4&5 « 

7 « 

Simla 


• • 




8-S 

e-s 

3*0 

3 .. 

7 II 

Lch . 


k » 




12*7 

iro 

17 

3S£4 .. 

7 .. 


At the coast stations, including Deesa, Rangoon and Chittagong and also at Allahabad* 
Hazaribagh and Dhubrithe differences are practically constant during the night. 

D 
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(10) The radiation differences are practically constant at the coast stations during the 
night, whereas at the interior Peninsular stations and at the hill stations there is a 
marked increase. At the Peninsular stations, it is evidently due to the strong land influence 
in the air movement which gives decreasing cloud and decreasing amount of aqueous 
vapour over a considerable depth of the atmosphere. At the hill stations it is due to the 
increased flow from the hills to the plains in the lower strata which accompanies remark* 
able clearness of the atmosphere and freedom from cloud. 

(11) The nocturnal variation of the radiation differences is small in amount during 
the rainy season at statipns on and near the sea coast and in Assam, excepting Sibsagar, 
where the differences decrease considerably during the night. 

The following gives data in illustration for Sibsagar — 


Table XX. 


Station. 

RAINV SEASON. 

7 r.M- TQ s A.M. 

Maximum 

dunn^ 

dunug night. 

Difference. 

Manimum 

epoch. 

mm 

— ■ 

Sibsagar . 

0 

4-<5 

0 

30 

0 

1*6 

7 P.M. 

4 A.M. 


Comparative data of cloud, aqueous vapour pressure, humid 
ity and grass radiation differences. — The following table gives compara' 
tive data of mean cloud amount, mean aqueous vapour, mean relative humidity anc 
depression of the nocturnal radiation thermometer for the dry and wet seasons at 2; 
stations in India.— 


Table XXI. 


Station. 

• Season. 

Mean from , p.ti. to 5 a.m. 

OP 

Depression 
of grass 
radiation 
thermometer. 

Cloud 

amount. 

Aqueous 

vapour 

pressure. 

Relative 

humidity. 







0 


n 

% 

( 

Dry season . 




S’o 

6 'o? 

■SSO 

93‘t 

Sibsagar . . • 1 

Wet 

»» • * 




y4 

8-59 

•941 

917 

f 

Dry 

f * 




3'9 

2'00 

•531 

74'9 

Goabbara . . • J 

Wet 

a • » 



% 

3 -a 

S’94 

• 90 s 

908 

( 

Dry 

• • 


• 

* 

- S-4 

i‘g 6 

•438 

(54'8 

Patna . . . < 

Wet 

» • • 



• 

3'4 

7 20 

•954 

87‘3 

C 

Dry 

n * • 


* 



f77 ■ 

‘331 

53 0 

Hazaribaoh . • < 

Wet 

it • • 




HI 

7'S7 

‘797 

89-5 


* Dry season, November to May. Wet seaspn, July lo September- 
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J 

Station. 


Mean from 7 p. bi. to 5 a.m. of 

SeaiOTi.* 

Depression 
of grass 
radiation 
hermometcr* 

Goud 

amount* 

Aqueous 

vapour 

pressure* 

Relative 

humidity. 


f 

Dry Season . • • • 

0 

7'3 

2*07 

•539 

% 

82'4 


Dhobri • • .y 

Wet 

27 

6‘20 

■932 

grS 




8-2 

2*19 

•344 

65*5 


f 

Dry 






Roorkee . . -j 

Wet „ • • • • ‘ 

3*2 

S'l? 

•867 

86*2 


f 

Dry 1, • • • • * 

lO'S 

1*09 

•397 

65 t 8 


Allahabad . .a 

Wet *, 

3-1 

5‘40 

•923 

87'o 


r 

Dry „ • • v • 

9-0 

1-44 

•367 

6r8 


Lucknow . . .j 

Wet 

32 

S '20 

•S83 

83-1 


r 

Dry „ 

loS 

f 46 

•551 

STO 


ACfeA . . •< 

Wet I, 

4-6 

4-67 

•S62 

7 S ’3 


r 

Dry „ 

8-1 

2*07 

•333 

62-8 


Lahore . . -j 

Wet 

4'3 

2-87 

•817 

72’S 


r 

Dry „ 

10*1 

0-97 

•309 

4 o'S 


Deesa . • 

Wet „ . . . ♦ • 

3‘3 

6-37 

787 

79'5 


r 

Dry 1. • • • • • 

7-6 

>•37 

•533 

70-4 


Kobrachee. . .j 

Wet 

2*1 

5-70 

CO 

85-0 



Dry 

103 

2*07 

•651 

76'2 


Cuttack . . • • 

Wet 1, • • • * ’ 

5-1 

573 

•895 

84^7 


r 

Dry i> 

6-9 

170 

•350 

B6 'o 


JUBBULPOBE . 

Wet I 

2’9 

6-93 

•785 

8fi'2 



Dry „.•••• 

I2’6 

V6j 

•28s 

52-8 


pACIIMABHt . 

Wet »••••' 

4-0 

7'63 

•647 

89^4 



Dry „ 

14-1 

2’07 

• 37 * 

48IG 


Naopor . • •' 

[. Wet . 

4'9 

7’39 

•797 

8 fr 3 




10*2 

t '37 

•391 

548 



r Dry 






Pooka . 

t Wet 1, ■ 

2-8 

7-83 

•674 

87'S 




8-0 

>•47 

•477 

70*1 



r Dry . „ . • • 






Belgaum . . • 

• Wet „ . 

t'2 

7 ' 4 S 

•645 

9S'° 




» 6*7 

2‘43 

■Gsi 

83^9 



r Dry • 






Chittagong . • 

(. Wet „ • • ■ • 

3 ‘S 

7'So 

•912 




• Dry season, November to May. Wet season, July to September. 
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CHAPTER III. . 

The temperature of the ground. 

The temperature of the ground at varying depths up to 30 feet is recorded at five 
stations in India, vis., Alipore (Calcutta), Allahabad, Dehra Dun, Lahore, and Jaipur. The 
only important observations under this section are those of the temperature of the ground 
surface. Observations are recorded once or twice a day at Allahabad, Calcutta (Alipore), 
Jaipur and Lahore. They, however, throw little or no light on the diurnal variation of the 
surface temperature. The only observations available are a series of hourly observations 
at Jaipur in the year 1885 and a series of two hourly observations at Allahabad in 
1900. The following gives a brief discussion of these important observations. 

Dixirnul variation of the surface temperature, eZaipmv— Hourly 
observations of this element were taken at Jaipur in the year 1885, The soil in the obser- 
vatory compound is, as over a large part of Rajputana, sandy. It is never tvatered 
artificially. The means of the temperature data recorded hence probably represent closely 
the variation of the surface temperature in the open over the greater part of North- 
Western India where the soil is more or less of a sandy texture. 

The following table gives mean data for the months of December and May, the 
first representative of the cold weather, and the second of the hot weather (in its most in- 
tense form). The data include the hourly values of the air temperature 4 feet above the 
ground, of the temperature of the ground surface, the variations of each from the mean of 
the day, thfe hourly differences between the air and surface temperatures and also the rate 
of change of temperature per hour of the air and of the earth’s surface. The data are 
plotted in figures i to 7, Plate VIII. 


Table Jaipur. 


' 

Hour. 

DECEMBER 1885 . 

MAY 1885 . 

Air temperature. 

Surface tbmperatukb. 

E 

V 

*« 

tn 

a 

e 

'ifc' 

“ 3 
£ 2 
So. 

•n 

Air temperature. 

Surface temperature. 

Surface*minus air tem- 
perature. 

Actual. 

Variation from 
mean of day. 

Rate of change. 

Actual. 

Variation from 
mean of day. 

V 

u 

c 

rs 

JZ 

V 

*0 

c 

Cl 

Actual. 

Variation from 
mean of day. 

u 

c 

n 

JZ 

u 

*0 

0 

% 

q: 

Actual. 

Variation from 
mean of day. 

c 

be 

c 

rt 

.c 

u 

0 

1 > 

"rt 


0 

e 

c 

0 

e 

0 

e 

e 

0 

0 

e 

■ 

• 

e 

Midnight 

53-6 

— 6*3 

— 0-8 

- 4C‘S 

— 13'3 

«— ra 

— 6*1 

78-0 

— 7'o 

— 0*8 

73‘3 

— 22.3 

—0*3 

-S'3 

s 

53M 

-0-5 

—0*3 

4fi'o 

— 13'7 

-o's 

-6-4 

77'3 

-8-4 

-.'4 

72'0 

— 2 S '6 

— X*3 

—5*3 

3 

Si'7 

-7'I 

—0*7 

44'3 

-IS'4 

—I '7 

-7'4 

76-8 

'— 8*8 

—0*4 

72'I 

—33*5 

+ 0*1 

—4*7 

3 

50 'S 

- 8-1 

—0*9 

43'3 

— 10’4 

— j‘o 

-7'5 

76'4 

—9*3 

—0*4 

71*0 

— 24'6 

— 1*1 

— S-4 

4 

50-4 

- 8 'S 

— 0*4 

4aM 

- 17-3 

— o*g 

— 8*0 

■ 76*0 

—9*6 

~o'4 

70’4 

— 25-2 

— 0*6 

-S'6 

5 

«•! 

— g*S 

~vs 

42*3 

- 17 'S 

—0*3 

— <J*9 

74-6 

— xro 

— !*4 

C9'4 

—S6'3 

— 1*0 

-5‘7 

6 

49*0 

-9*9 

— 0*1 

4f9 

-i 7'8 

-o's 

—7*1 

74'S 

—iri 

— 0*1 

69'7 


+ 0*3 

-4'8 

7 

Ai't 

-9-8 

+ 0*1 

4 r 8 

— 17-9 

— 0*1 

—7*3 

79'4 

. -fi'j 

+ 4'9 

i 81 '4 

— 14‘3 

+ ix *7 

+ 3*0 

8 

54'6 

— 4‘3 

+ S'5 

SI'S 

— 8*3 

+ 9'7 

— 3*« 

: 84 'S 

— 1*1 

• +S'' 

98*1 

UiEI 

4i6'7 

+ I 3 'C 

. 9 

Cv^ 

+ 3'S 

+ 6’8 

62'9 

+ 3*3 

+ n*4 

+ I'S 

8 S 7 

+ 1*1 

. +3*2 

1 X 0*0 

■Hi 

+ 11*9 

IJJ'S 
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Table XXII. — yat^ur‘~concld. 


« 

Hour. 



DECEMBER 1883. 



MAV 1885. 

Air temperature. 

SuRPAcr 'rSHl’ERA'r'ukE. 

k 

g 

*5 

en 

SI 

*1 = 

« « 

V* 

X 0 

0. 

in 

Aik TESIPERAfUKF. 

SUKFACF TEHPER.ATUEF. 

s 

cr 

t. 

*3 

rt 

P 

c 

’§ d 

u 

t> 3 

S a 

in 

*« 

CJ 

tJ 

< 

Variation from 
mean of day. 

C 

w 

4a 

V 

0 

CJ 

*n 

s 

V 

< 

g . 

0 >1 

*0 

go 

c 

a rt 

Rate of change. 

u 

< 

B . 

1“ 

|a 

V 

tJJ 

a 

rt 

*0 

*0 

0 

rt 

H 

"rt 

< 

E , 

2 >' 
rt 

f 0 

— c 

« rt 

0 

fcC 

0 

rt 

.c 

w 

*0 

4i 

rf 

0: 


« 

= 

0 

e 

e 

» 

■ 

0 

0 

a 


0 

e 

c 

10 

65 0 

+ 6-1 

+ 3'S 

p'o 

+ 13*5 

+ 10*0 


92*2 

+ 4'C 

+rs 

121*0 

+ 23'4 

+ »‘o 

-■-SoS 

11 

677 

+8'8 

+=7 

S3'4 

+ 23*7 

+ 10*5 

+157 

92*9 

+ 7’3 

+37 

I37'S 

+ 32'2 

+ 6’3 

+5i’9 

Neon 

C97 

H lo‘S 

+ 2*0 

S;-g 

+ 2S*2 

+4‘5 

+187 

95*3 

+97 

+ 3'4 

I35'l 

+39'5 

+7'3 

+39'8 

*3 

70*3 

+ 11*4 

+0*6 

90*1 

+30’4 

+ 2*2 

+ i 9’8 

98-3 

4 137 

+3-0 

I4t*2 

+ 45 8 

+ 6‘i 

+ 439 

M 

71 ’5 

+ 126 


89*1 

+ 29*4 

-fo 

+ 17*6 

9r4 

+ I)'S 

-0-9 

«377 

+ 42*1 

^3'S 

+40 i 

15 

7.7 

i tS'S 

+0*2 

$ 7-6 

+17-9 

—1*5 

+ I5‘9 

07'4 

+ ii‘8 

' b 

f39't 

+33 '5 

~ss 

+317 

16 

7D'3 

+ 1V4 

—1*4 

7SO 

+tS‘9 

— 9*0 

+8-3 

gs‘6 

+ 10‘0 

— rs 

IlS'3 

+ 19*6 

— iS’9 

+ 19'6 

ir 


+ 7-4 

-4*0 

66*1 

+C'4 

—12*5 

— 0*2 

94‘3 

+ S'7 

— 1*3 

104*2 

+S'5 

—. 11*0 

+ 07 

iS 

6 rg 

+ 3‘o 

—4*4 

597 

*^0*5 

<5'9 

-^2*7 

90*8 

+57 

— 37 

56*3 

+U7 

~ 7 'g 

+5'5 

19 


0 

—3*0 

54 '9 

-4-S 

—4*3 

—4*0 

877 

+ 2 *t 

—3*1 

874 

— S*3 

-So 

-0*3 

?a 

S7'4 

-I'S 

—1*5 

53*9 

-G -8 

— 2*0 

-4-5 

Si7 

+ 0*1 

—• 2*0 

SrS 

—li'B 

-4-ff 

- 1-0 

at 

SS'4 


— 2*0 

S'7 

<_S '6 

— i*S 

— 47 

84-3 

— i'3 

‘~I-4 

8o'3 

-lS'3 

-s'S 

—4*0 

33 

557 


-17 

49 5 

— 10'2 

—1*6 

—4*3 

Sfo 



;C'4 

-107 

— 3'9 

-4-6 

23 

53*4 


m 

Arv 

— 12*0 

—1*3 

—57 

79'4 



73’6 

*-^3*0 

s 

-5'S 

Mean 

S8'9 

■ 

i 

597 

■ 

■ 

+0*8 

83 C 

■ 

■ 

a 

■ 

B 

0^9 


The following are the more important inferences from the data of the preceding 

table 


(1) In the month of December, representative of the cold weather, the temperature 

of the ground surface is below that of the air, 4 feet above, from 5 R.KL to 
S-40 A.M., that is for t5-j hours of the 24 hours period. The differences 
between the two temperatures during the night period of lower surface 
temperature increase from 5 P.M. to 2 .A.M. and are nearly constant until 
7 A.M. The temperature of, the ground is very approximately constant 
from 4 A.M. to 7 A.M. and of the air from 5 A.M. to 7 A.M. 

(2) In December the ground temperature is above the air temperature from S-40 

A.M. to 5 P.M., that is for 8J- hours or practically for one-third of the day 
only. The ground surface attains its maximum temperature at i*io p.m. 
or about hours after the maximum elevation of the sun, but about an 
hour and a half before the epoch of the maximum of the air temperature. 
The changes of temperature, .both of the air and ground surface, are very 
slight from noon to 2 P.M., an^ hence the mean differences of obserrmtions 
taken at any instant during this period gives an approximate estrmate of 
the maximum difference. 

(3) The day portion of the curve representing the variation of the ground tempera- 

ture in December is much more symmetrical than that ofthe air temperature,, 

. and is as symmetrical as that of the corresponding solar radiation curve.. 
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It is noteworthy that the mean temperature of the surface in December is prac- 
tically identical with that of the air 4 feet above at 9 A.M. and 5. P.M. 

(4) The temperature of the ground in the month of May, representative of the 

hot weather, is lower than that of the air 4 feet above from 7 P.M. to 6-45 A.M. 
or for 1 1| hours. The difference is nearly constant in amount from 10 P.M. 
to’6 A.M. ranging between 4°'6 and 5 °’ 8 . 

The night differences of the period are slightly less in this month than in the 
month of December. 

(5) The temperature of the ground in May is higher than that of the air 4 feet 

above on the average for 12 J hours daily, viz., from 6-45 A.M. to about 
7 P.M. The differences have their maximum valije at about 1-15 P.M., 
when it averages 43 °‘ 7 . Its actual value for i P.M. is 42'’"9, which is about 
two times the maximum difference in January (2i°'7). 

(6) The curve representing the diurnal variation of the day hours in May is sym- 

metrical, the chief difference in form between that curve and the curve 
representing the intensity of solar radiation being a retard of about one 
hour in the maximum epoch of the former. As the difference between 
the ground surface and the air temperature is probably an approximate 
measure of the action giving rise to convective movements, measurement 
of the positive areas for the differences show that it is at least three times 
. ^ as great in May as in December at Jaipur. 

Annual Va/i'iation of the surface temperature, Jaipur.— 1:\\& 
annual variation may be considered from several points of view. The most interesting 
of these are, first, the variation of the mean daily temperature of the surface soil ; 
secondly, the variation of the mean maximum temperature of the surface soil ; and 
thirdly, the variation of the maximum differences between the air and ground temperature. 
Monthly means of these data for the term days 6f the year 1885 are given in the follow- 
ing table, in- the preparation of which it was assumed that a fairly accurate estimate 
of the maximum differences are obtaining by taking the differences of the maxima 
of each {yiz., air and ground temperatures), although their epochs are not quite simulta- 
neous : — 


Table XXIII. 


Month. 

Mean 

temperature 
of the surface 
soil. 

Mean 

• temperature 
of air at 4 feet 
above ground. 

Difference, 
surface and air 
mean 

temperature. 

Mean 

. maximum 
temperature 
of surface. 

Mean 

maximuin air 
temperature 
4 feet above 
ground. 

Difference, 
maximum 
ground and air 

temperatures. 





e 

. 

0 

e 

e . 

• 

January 

• * ' * 


• 

6rS 

59<5 

2'2 

907 

*72*1 

. i8-6 

February, 

• • • 



66-5 

61-9 

4'6 

na-S 

; 74-4 

384 

March 

* • • 



83'8 

77-1 

67 

131-9 

90.9 

41*0 

April 

.. 



86-2 

79-6 

6-6 

130-0 

9S'8 

34-2 

May . 




95-6 

85-6 

10*0 

■ I4.I'2 

99;s 

41-7 

June . 

• • • 


• 

96’5 

87-9 

8-0 

132-7 

I02'I 

30-6 

July . 

• « • 


• 

894 

83-6 

S'S , 

113-9 

92-9 

1 

21*0 
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Table XXIIl — concld. 


Month. 

Afein 

temptratlirc 
of the surface 
soil. 

Mean 

temperature 
of air at 4 feet 
above ground. 

Difference, 
surface and air 
mean 

temperature. 

Mem 
maximum 
temperature 
of Furface. 

MeTO 

maximum air 
temperature 

4 (cef above 
grouOd. 

Difference, 
mixlmum 
ground and air 
tcmpcratufcs. 


• 

0 

0 

e 

e 

• 

August ..... 

CO 

02 

79-6 

4'3 

ioi'4 

8S-I 

13-3 

September .... 

903 

817 

86 

> 3 C 3 

95 'o 

36‘3 

October 

84-5 

78'3 

62 

1303 

95'2 

35-1 

November . . . , 

70-6 

69'S 

ri 

ti 5'3 

87 6 

277 

December ..... 

597 

589 

0*8 

90*1 

?47 

15-4 

Mean 

8o‘7 

7 o 3 

wtm 

nS's 

890 

294 


The data of the preceding table show that the mean maximuih or midday difference 
between the temperature of the air in the shade four feet above the'ground and the tern* 
perature of the ground, averaged 29°'4. 

It may be noted that there was a large excess of cloud at Jaipur in the year 1885 
during the months of January (+i'o6), April (+1-03), May (+r26), June (ri-i'iy) 
and August (+1*21), whilst skies were unusually free from cloud in September ( — 2*29). 
The means for these months in 1885 in the preceding table hence probably differ to some 
extent from true normal means. ' 

It is, taking these anomalies into consideration, probable that the maximum differences 
are least in December, when they average 15®, and that they increase rapidly in February 
and March, and probably average about 45® in clear w'eather in April and May. The 
greatest difference actually observed was 46°*8 on the 7th June 1885, 

The maximum differences are moderate in amount during the height of the rains in 
July and August, when they probably average about 20'. , ,■ 

The data are interesting, as they furnish the only estimate at present for the actions 
giving rise to the ordinary convective air movement of the dry weather in India. That 
movement is undoubtedly due to the unequal heating of the earth’s surface and to the 
large differences of temperature in the lowest stratum of the atmosphere in contact with 
and near the earth’s surface. The great activity in the hot weather months is in part 
due to the greater length of the day period of higher surface than air temperature, but 
chiefly to the very large amount of these differences in the hottest period of the day, 
Allahabad . — Observations at tivo-hourly intervals from 6 A.M. to 10 p.m. were 
recorded at Allahabad in May igoo, under the direction of Mr. Murray, Meteorological 
Reporter to the Government of the North-Western Provinces, chiefly with a riew to 
determine the effect of differences of exposure of the surface thermometer. Two 
thermometers were exposed side by side, the bulb of one resting on the ground and 
of the other being slightly covered with soil. The observations showed there were 
only slight differences and hence indicate that the differences of exposure which probably 
obtain at the stations recording these observations do not appreciably modify the results 
of the ground temperature, observations recorded at several stations in India, and in part 
tabulated in the annual reports issued by the Department. These observations may 
hence be accepted as intercomparable. 
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the ground thermometer at Allahabad is exposed in an open space near the thermo- 
meter shed. The soil is alluvial, hardened in the dry weather by exposure to the sun, 
and partially covered with some grass, the dried remains of the growth of the wet season. 
In the 6outh-west monsoon period, the ground is fairly saturated with moisture and sup- 
ports a vigorous growth of grass which is cut down as it appears so as not to interfere with 
the observations. The obsen'au'ons fairly represent the character of the diurnal variation 
of the ground temperature during the hot weather in the alluvial tracts of the interior of 
India. 

The following table gives mean data for May, representative of the hot weather. The 
values are plotted in figures S to to, Plate Vlll. 


Taclc XXIV.— (jjVj'n/* liaia of air iemperature and ground iurface temperature at Allahabad, 
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The d.ita show that the readings of the surface thermometer when lightly covered 
with soil, were (from S A.M. to ^ P.M.) slightly higher than those of a similar thermome- 
ter, the bulb of which was exposed to the air, and were, on the other hand, slightly lower 
during the night and morning hours. The maximum differences did not exceed 2'’*5 in 
either case. 

T.aV.lng the data of the eighth figure column (which are most comparable with those 
for Jaipur, where the bulb of the instrument was very lightly covered with .sandy .soil) 
it will be seen that the figures for Allaluibad agree very closely with the corre.'^ponding 
results obtained for the month of May 1885 at Jaipur. The ground thermometer at 
Allahabad in M.ay 1900 was higher than the .air thermometer from about < 5 -t 5 

8 P.M. or for 13S hours. The mean m.iximum difference (at noon) averaged 3p*‘’2 for 
the month. As in the case of Jaipur the curves representing the surface tcmpcr.aturc .at 
All.ahabad arc much more symmetrica! than those of the air tempcr.aiure. The curves 
giving surface temperature .and surface minus air temperature for AILahabad .agree very 
closely with the corresponding curves of Jaipur for the month of M.ay 18S5. 

























g 5 DISCUSSION OF THE RESULTS OF THE HOURLY OBSERVATIONS 

CHAPTER- IV. , ' ' , ■ 

Air. Temperature. , , - 

The data discussed in, the present, chapter are .the temperature sections in. the series' 
of memoirs of the hourly observations recorded.at twenty.-six stations in Indiadn, volumes 
V, IX and X of the Indian Meteorological Memoirs. , . ' , ' ( ■ 

The variations of the , temperature of the , air .at any given place, may .be divided ' 

into : — . ■ .V ‘ 

(1) Regular or periodic : ' . , , . - 

(a) Annual , . ' ... 

{ 6 ) Diurnal. ^ ,■ • ' - ' , 

(c) Secular (probably due directly or indirectly to long period variations in , ’ 

the intensity of solar radiation). . . ' • ■ ' 

(2) . Irregular. . - ' . 

The variations are the product directly or indirectly of the solar radiation. , The 
intensity of the solar radiation at any given part of the earth’s surface ^s ah annual. and '. 
also a diurnal periodicity, which are functions of the sun’s actual distance and ■ of his 
angular altitude. The annual variation is a continuous function of the variables on. ■ 
.which it depends, whereas the diurnal variation is .a discontinuous function, due to the 
diurnal rotation of the earth about its polar axis. 

The actual intensity of the solar radiation at any point of the earth’s .surface varies 
very largely and irregularly in amount, due to the action of the air, aqueous yappur, 
clouds, dust, etc, in absorbing the solar radiation in part during its passage through the • 
atmosphere to the earth’s surface. The percentage amount of the solar radiation which 
is absorbed in this manner (or the rate of absorption per unit thickness of dry air or of . 
air containing invisible aqueous vapour) is comparatively .small. According to Langley; ' 
about 30 per cent., on the average, of the solar radiation js absorbed in , its passage 
through the whole depth of the atmosphere. i • , ' . , 

It is evident that whenever the heat, due to solar radiation, is absorbed by th.e air 
without being utilized for the work of evaporation, it increases either the total heat- and , 
temperature or the movement of the mass of air directly affected thereby, . , , 

It may hence be assumed that the amount of the solar radiation absorbed during its 
passage through the earth’s atmosphere chiefly, depends— , • ' , ' ; ' . 

(r) Upon the thickness of the air column traversed by tfie solar rays and hence 
inversely upon the altitude of the sun. . . " . 

(2) Upon the humidity , of the atmosphere. 

(3) Upon the amount of dust. . ' ' ■ " 

(4) Upon the amount, density and thickness pf the clouds. ’ 

The amount of the sun’s heat or solar radiation absorbed by the earthls surface 
varies greatly, as it is practically the residual .amount left after absorption during -'its 
. passage through the atmosphere; \Vhen the surface of:the earth is ‘dry,- by -far the greater 
part of this residual energy is absorbed as heat and raises the temperature', of 'a 'thin stratum 
of the surface, If, on the other hand, the surface be moist as is the case after heavy rain, 
it is almost entirely utilized in the work of evaporating the water -in the surface layers, 

, The temperature of the lowest stratum , of the atmosphere, that is, .of -the air in the" 
itnmediate neighbourhood of the- earth, :is undoubtedly mainly determined by the tem- 
perature of the eartii’s.surface. ' Thecomparisqniof.the hourly .surface temperatures -for ’ 
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.the year 18S5 at Jaipur with the air temperature as registered in the shade at four feet 
.above the earth’s surface shows this in a most interesting manner. In figures 1 to 6, Plate 
IX, are given diurnal curves showing the mean temperature of the surface in January, April 
and July 1SS5 and the corresponding air temperature. In figures 7, 8 and 9, Plate fX, are 
also given curves showing the mean hourly differences of temperature of the surface soil and 
of the air at 4 feet above the surface. 

An important factor in modifying the temperature of the air is the character of the 
prevailing winds. Very considerable changes may be produced by the alternation of 
land and sea-breezes and of up and down air movements in mountain districts. 

It is hence evident that the factors determining the temperature of the air at a given 
place as observed under standard conditions are numerous and complex, and that it is 
not possible to determine mathematically a priori formul/e for the diurnal or annual 
variation at a given place. 

It may also be pointed out that the temperature of the air at a given place is the 
temperature of a constantly changing mass of air, but it is probable that the conditions 
. of the whole mass of air moving horizontally through a given spot are similar, and hence 
that the recorded temperatures represent the thermal conditions of the air generally in 
that neighbourhood as observed under the standard conditions. 

- In Plates XV to XXII are given curves representing the diurnal variation of tempera- 
ture of the four seasons or periods of the year into which it has been divided for the 
purpose of this discussion at 28 stations in India. These periods are ; 

I si — The cold weather period, including the months of January and February, when 
cool dry weather with light land winds and clear skies generally prevails 
• over nearly the whole of India. Cyclonic storms of large extent but of 
very slight intensity occasionally pass across Northern India and give 
light to moderate general rain. In the Peninsula fine weather prevails 
almost without interruption. 

sr.d — The hot weather period from March to May. The chief features of this 
period over the interior of India arc the incre.ising dryness and temperature 
of the air which usually culminates in a period of intense heat and dryness 
of the air in North-Western India in the third or fourth week of May. 
Weather is frequently disturbed during this period by local storms, due 
to the intensity of the thermal .actions. Thunderstorms arc of frequent 
occurrence in North-Eastern India, Burma, Malabar and the hill districts 
of Northern India, and dustslorms in the drier districts of Northern 
India, including the Punjab, Rajputana and the North-Western Prov- 
inces. 

^rd — The rainy season or south-west monsoon proper. During this period winds 
of oceanic origin prevail generally in India and are usually opposite in 
direction to those which obtain in the cold weather. Rain is of frequent 
occurrence, the air Is very damp and temperature is moderately high, but 
the diurnal range is small. , 

/}th — ^Thc retreating south-west monsoon period. During this period the occ,inic 
or sea current which has prevailed during the previous period 
gradually withdraws and fine cle.ar weather with light hind winds 
sets in, commencing in Upper India and gradually extending eastwards 
and southwards. North-Eastern India and Burma receive occasional 
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rain .during the first half of this period,' and the Peninsula, niore^; 
especially the coast district’s, moderate and general rain which is how* 

ever very irregularly distributed ^ and much more erratic' arid ' variable ' 
in its occurrence than the rainfall-, of the' South-West- Monsoon proper; * 
Cyclonic storms, occasionally of great intensity, form -in the Briy during ' 
this period and give more or less concentrated rain over the districts V 
of the Peninsula which they traverse in their landward course. f-‘ 

The following is a list of the stations for which, hourly observation data' .of, temper-- 
ature are available together with a statement of their position arid elevation • 


Statiok. 

Elevation of 
barometer 
cistern above 
mean aea ' 
level* 

Latitude 

Nprth.' 

Lonj’Uuda . 

' Cla.^t of ' 

_ pbservatory. 

Aden 


. . » 

, 




Feet. 

S4 

■H 

0’ 1, 

- 45 3 ' 

2nd Class. 

Agra 


. 

• 

• 

• 


5SS 

77 . 10 

7.8.. s' 

Do. 

Allahabad , 


. 

• 

• 

• 

» 

309 

25 20 

'81 S2' 

>st Class. - 

Bcigaum , 


. 

• 

• 

• 

« 

ai52f , 

, >5 S! ■ 

■,'.74- 42-' 

and Class. 

Bellary 


. 

• 

• 

• 

« 

»47S 

»5 , 9 

' '7®.'S7.,' 

Do. . ; 

Bombay , 


. 

• 

• 

• 


S7 

54' 

• 72 49 

tst Class. 

Calcutta . 


. 

• 

• 

• 

• 

21 

' S3 33 

' 88' 20 

■ bo. ' ' , 

Cftittagong 


. 

• 

. 

. 

• 

• 87 ■ 

22 21 

■ .91 SO,, 

and-Class.* 

Cuttack , 


. 

• 

• 


• 

,80 

SO .39 

®S. 54 

1- 

Deesa 


. 

• 

• 



465'', : 

’ , *4 

72 14 

-' Da. ' 

Dhubri 


. 

• 

. 

• 

• 

• “S . 

'26 .7 

89 so 

-i'Do- 

Hazaribagh 


. 

• 

• 

. 


2, 007 . 

• '^2.^ . 0 

. '85- 94 , 

, Do. . 

Jaipur 



• 


. 

» 

• 1.43>, 

. -26 .'55 

75 so 

Class. 

Jubbulpore 


. 

• 


,• 


,■ L327 

■ . p, 

- - .,79 59 ; 

2nd Class, 

Kurrachee 


* 

• 

. ^ 



V 4? 

24 47 

-67 4 

■ Do. 

Lahore 







' 7°^ . . 

' 3r, 34,: 

. if P 

*st Class. 

Lch (Hills) . 


A • .* 

■ 



• 

1 11,503 . 

.34 , 10. 

■ 77 ^2 

■2nd Clari. 

Lucknow . , 


« • « 


' 


. • 

' -370 - 

-,a0 so 

, §1 ,, 0 

• Do. . 

Madras . < 


» f 

» 



, • 


•• > 3- -'4 

. 80 14 

'sl Class. 

Nagpur 



• 

'0 


. 

•'t,025 

Sf 9 

79 tJ 

2nd plass. 

Pachmarhi .(Hjlls) 




. . 



• '3.528" . 

■ - 22 2$ , 

78' -28 

•Do; '■ 

Patna . 





r , 

; 

'■ . ' , 

'. ®5,'3'if' 

' .?S , 24 

7'Po., 

Poona , . ' . 



, , 


• ' 

• 

' - ,1,840.- 

f8-28i' 

- 74' 'to 

-, Do. 

Rangoon' • • 


* * ' • 

f 





iS 4O ' 

, 96 12 

'Do.'' 

Roorkce 



• - 

• 


» ■ • 

- 887.' " ■ 

-;..29 /S2" 

77 5S 

Do, 

Sibsagar , 


- . • ' 1 ' i 7 


. • 



’'ss’s' ' 

•• 26.--S9 

,-.94 40 

- .Do. ' 

Simla (Hills) ' . 



• • 

• • 

' 


'■ 7,224- ' 

' ® ' 

77 ,-12 

.'St Class. 

Trivandrum ' 

! 



• 



; .-198 

■''' 8 ‘3o_. 

.17 : o‘ 

•Do. '. 

Tnchinopoly ' • . 




' * 


X. 

255- ■" 

10 so 

'■ 78.: 44' 

*".8 Cias's; 
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For the purposes of the discussion the stations are arranged into four groups accord- 
ing to the following classification : — 

(1) Tropical Coast. 

(2) Tropical Inland. 

(3) Extra-Tropical Coast and Assam. 

(4) Extra-Tropical Inland. 

The following gives the arrangement of stations according to this classification : — 


(i) Tropical Coast; 

Tri\-andrum. 

Bombay. 

Madras. 

Aden, 

Rangoon. 

(a) Tropical Inland: 

Trichinopoly. 

Poona. 

Bcllary. 

Nagpur, 

Belgaum. 

Pachmarhi (Hills). 

(3) Extra-Tropical Coast and Assam : 

Chittagong. 

Cuttack. 

Calcutta, 

Dhubri. 

Kurrachce, 

Sibsagar. 

(4) Extra-Tropical Inland : 

Patna, 

Jaipur. 

Hazaribagh. 

Roorkec. 

Allahabad, 

Deesa. 

J ubbulporc. 

Lahore. 

Lucknow. 

Simla (Hills). 

Agra. 

Lch (Hills). 


The temperature data furnished by the hourly obser\'ations at these stations (except 
Simla) are discussed under the following heads ; — 

A. — Annual variation : 

(1) Epochs of maximum and minimum. 

(2) Range or amplitude of variation. 

(3) Law of variation with season. 

B. — Diurnal variation : 

(1) Annual variation, 

(2) Seasonal variation. 

(3) Epochs of maximum and minimum values. 

(4) Amplitudes of variation. 

C. — Comparison of the constants of the harmonic formula representing 
the diurnal variationjwith the corresponding constants for other elements 
of observation. 

In the final discussion, Chapter IX, wc arc chiefly concerned with the facts of the 
annyaj and diurnal variations of temperature. 
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Annual variation of temperdturc.—ln Table xxy ire given thi mean - 
monthly temperatures for each month of the year and’ the niein annual tempe'rattire.' 
These values are plotted in the curves of Plates X and’XI which Hence represent the 
march of the mean daily temperature as determined from -monthly’ values throughout the 
year. . ' ■ . . ' , ' - . ' r' ' 

In Table XXVI are given the' values bl the mean monthly temperatures reduced'to 
sea-level, the correction for elevation in India being assumed to^be i°,fo'r every’45o.feeU,\ 


Table XXV — Giving the mean monthly and. annual temperatures at Iwenty^dght- 

stations in In^ia', • , . " 



TRoricAi. 

Coast. 


TnopicAt^ 

ItILAHD. 


Extra- / 
Tropicau Coast/ 
AND Assam. \ 


Extra- 

TROPtCAL 

Inland. 


Trivandrum 

Madras 

Bombay 

Aden . 

RanjjooQ 

Trichiflopoly 

Denary 

Bclfraum 

Poona * 

Nairpur 

Pachtnarhi ( 

CWtlagon^r- 

Calcutta 

Kurracbee 

Cuttack 

Dhubri 

Sibsagar 

Patna . 

Hoxaribagh 

Allahabad 

JubbulpofO 

Lucknow 

Agra , 

Jaipur .. • 

Roorkee ' . 

Deesa . 

Lahore 

Uh (Hills) 
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Table XXVI — Givi\^ the Vtcan monthly and annual temperatures of the preceding table reduced 
to sca'lcvcl, the late of correction employed being i° per 450 feel of elevation. 


Ar.E\. 

SrATtos. 


Tfix-andrum , 

Trotical 

Co Ml. 

Dornlay , 


Aden • • 


Ranfc*on « 

TcortCAL 
iKt-ANC. ' 

Trtf}itnc(y>!y 

Ucibty 

nc?gaura 

Poona . « 

N*t;r«r 

Pachmarlii (Hillj 

/ 

Cht‘Uj:orvi; « 


CaJecIta » 

Extr>* / 

Kutra<>.« • 

rporiCAvCOAsr i 


AR!) 1 

CcitwV « 

1 

n^uhfi 

' 



pRtna * . 



AUibibid • 


Johbafpofc « 


lAicktiow , 

iRor'CAt , 
IKIRNB. ' 

Apra « * 

Jsiptir , 

RootJrsn • 

• # 

LaJ^o'C 



The data in Table XXV show that the mean monthly temperatures in India have at 
most of these stations only one minimum and maximum in the course of the year. At a 
few of the stations there is a feeble secondary minimum and maximum during the rainy 
season, the minimum usually in August and the corresponding maximum in September or 
October, 

The primary minimum values of the monthly temperature means occur generally in 
January. 
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The exceptions are 

as follow’s:— ' 

Station, 

Minimum, 

•Station, 

Minimum, 

1 

Amount* 

Month. 

Amount. 

- 'Mdoth,'..' 

Trivandrum . , 

Bellary .... 

Belgaum .... 

Poona .... 

Nagpur .... 

0 

76-32 

72-49 

6g-ot 

68-42 <i, 

66-77 

December. 

Ditto 

Ditto , 

Ditto 

Ditto 

Fachmarhi . , ' , . 

Cuttack . , - . . . 

Hazaribagh , ... ■ , 

Jubbulpore . ' , . . 

• 0 

56-64 

, 68-71 

60-40 

60-24 

• - i 

December, 

Ditto ' 

■ Ditto 

■ Ditto ' 


The preceding data indicate that December is the month of minimum daily temper- 
ature at the interior stations in the Peninsula. At the coast stations, asm Northern India 
generally, January is the month of minimum temperature in the annual variation. ,, 

The maximum monthly temperatures occur in May at all stations with tlie Tolbwing 
exceptions: — ’ ' 


Station, 

Pkimarv siaxiquh. 

Station, 

Priwarv maximum.' ■ ■ 

Amount. 

Month. 

Araoimt 

Month. '• 

Trivandrum . . . 

« 

80-98 

April 

Dhubri . • . . . 

0 ' 

Si '90 

jMiy.-’, ■ - ' 

Aden .... 

87-96 

June 

Sibsag,-ir .... 

83-00 ■ 

July'-' ; 

Rangoon .... 

84-71 

April , 

Lucknow .... 

. 90-82 

June. ; ■ 

Tfichinopoiy « . , 

85-ri 

April , 

Agra . . - . , ‘ . 

94-2 1, 

June. 

Bellary .... 

Sg-20 

April 

Roorkco ’ . . ’. 

, . ' ?9-6o 

June,. . 

Belgaum .... 

78-74 

April . 

Lahore . . ■ ' . 

93-75 

June. ' 

Poona .... 

84-26 

April ■ 

Simla' , -. •. 

67-90 

June., 

Kiirrar.hpp , > , . 

86-55 

June 

Lch (Hills) .... 

62-31 

July- ■ ' ' 


The data of the table above indicate that there is ,a, much greater variation in the' 
epochs of the maximum monthly mean temperatures than in-the minimuih'mean monthly- 
temperatures in India, Thus in Lpwer Burma and at the interior stations of Southern 
India and in the Deccan April is the month of highest, temperature. In Bengal, Bihar 
Chota Nagpur, the Central Provinces, Central India and the greater part of Rajputana* 
the mean daily temperature is highest in May, In the greater part of Upper India includ- 
ing the Punjab, Sind, the western half of the North-Western Provinces and probably the- 
north-western half .of Rajputana, where the establishment of the monsoon rains is usually 
delayed until the beginning or middle of July; June is the'month of highest mean day tem- 
perature, The Assam Valley is unique, as July (during the middle of the rains) is usually 
the month of greatest mean temperature;, .This is diie to the -peculiar local . condition^ 
prevailing in that area during the hot weather and the' rains.; Assam receives frequent in 
fact almost daily, rain in April arid May, chiefly from thunderstorms. Hailstorms are also' 
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an occasional feature of the period. The rainfall accompanying these storms- is heavy 
and gives monthly totals for these two months almost as large as in' the “^height of the 
monsoon. On the other hand, during the South-West monsoon season proper, the 
humid currents from the Bay extend gradually over the interior westwards as far as the 
Punjab. The complete westerly extension of the monsoon rains to Upper India is usually 
effected in July.’ Hence in July and August the Bay current is determined mainly west- 
wards up the Gangetic Plain. Assam is hence to some extent outside the influence of the 
main current and receives only moderate rain. This diminution of rainfall is further 
emphasized by the action of the cyclonic storms of the period which usually pass west- 
wards across Northern or Central India and which hence tend to draw away rainfall from 
the outlying regions to the belt of country over which they pass. 

The following mean monthly rainfall data for the following stations in the Assam 
Valley show the character of the rainfall in that area and illustrate the preceding 
remarks ; — 


« 

Station. 

Average raineael. 

April. 

May. 

June. 

July. 





Inches. 

Inchci. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 


4 ’ 3 ' 

9 ’ 9 !> 

rO-pi 

>4-05 

12-90 

14-23 

5-93 


9-92 

IJ^o 

i4-;o 

IS’PO 

l6-l8 

11-79 

5-00 

Charduer . • . • . 

S’4S 

»»’34 

i 60 l 

15*02 

17-65 

13-07 

5-82 

Gauhati 

C-2S 

10*01 

12'42 

>2’39 

10-84 

7’74 

2-S4 . 

Dhubri 

5 '« 


aS’Sr 

lO-gi 

12-31 

13-00 

3-73 


The dates of the coolest and hottest days in the year obtained from the mean daily 
temperature data are only known for a few stations at which hourly or continuous observa- 
tions have been made for many years. The following gives data for these stations : — 





MinniUM P.MLV 
TCMrKRATURK. 

Maximum! daily 

TP-MrKRATURE. 

Annu.il ran;jc 
of Icmpcr.ilutC 

drtftrminod 

from tUily 
means. 

Annual range 
of temperature 
determined 
from monthly 
means. 

Station. 


Amount, 

Dale. 

Amount. 

Date. 

Trivandrum 

j 


• 

76*21 

i6lh and I7lh Dec. 

0 

5 l* 0 i 

2nd nnd 3rd April. 

0 

4 * 8 o 

• 0 

4-66 

Bomb.-iy 


• • 

73-30 

isl to 7th Feb. 

85-10 

3i5t M.ay and ist 

it-So 

11*40 

Madr.as 


• • 

74-00 

lath to I4tli Jan. 

87-50 

June. 

20th and 27th M.iy. 

12*00 

n-60 

Calcuta 


• 

63-37 

23rd and 26th Dec. 

86-72 

20lh M.ay. 

23:25 

20*10 

Allahabad . 

• 

• 

58-40 

8th and gtli Jan. 

94-50 

asth May. 

36-10 

31-65 


V ‘ 
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DISCUSSION OF THE RESULTS OF THE HOURLY OBSERVATIONS' 


The following gives approximate data for the remaining stations, as furnished by the' 
daily normals used in the preparation of the India Daily Weather Reports: — 

Table XXVII. 

Giving the minimum and maximum mean daily temperatures and their dates of occurrence at 
' tsoenty-four stations. 



Minimi M daily mean 

ICMFCRaTURE. 


Maximum mcan daily 

IBMPCRATURE. 



Annual 

ranjjc of i - . 

temperature Annual 

determined range of - 
from liighest temperature 

and Iftwest determined 

values of the from munthly 
daily mean means, 

temperature. 


I Aden 

TRoncAM 

COAST. (Rangoon 

Trichinopoly 

Bellary 

Bcigaum 

< Poona • 

u 

0 Nagpur 
H 

Pachmarhi (Hills) 

. ^ ( Chittagong . 

< < 

H in Kurrachce . 

o< 

“/ Cuttack 

1 1 

£ H I Dlmbn 

• to 1 

*^(5 I Sibsagar . 

/Patna . • 

Hazaribagh . 

. Jubbulpore • 

< Lucknow 

z 

j Agra . 

-C 

H Jaipur . 

o . 

^ RoorUec < 

S Deesa . • 

y, 

a Lahore • 
JSimla (Hills) 

I Leh (Hills) ■ 


1&S 1 6th and igth 

Januart. 

75‘3 7tl'. loth and 

I ith January 

76 0 23rd December 

72'4 22nd and 2Sth 

December. 

690 3iEt December 

and 2nd Jan. 

67'9 22nd December 

65'2 21st „ 

537 20th December 

637 glh January . 

GS'i 13th and i6th 

January. 

690 22nd and 23rd 

December. 

63'i 2nd and glh J.an- 

uaty. 

5yo 4tli and stb 

January. 

6o' 5 1st and 2nd 

January. 

sg'3 2 1st and 22nd 

December. 

SS'G 2 1 St December . 


59'9 31st „ 

S9'3 1st February . 

56'o 30th December 

657 28lh January . 

S3'S 3°^*' 

December. 

38'g 3otb and 31st 

January. 

ig-e 2ist January . 


89-0 3olh June 

877 22nd April ,, 
90‘6 stb M.ay 

gf5 30th April and 

I St M.1V. 

82-5 i6th April 

867 271b .and 28tb 

April. 

gG’o 2otS and aist 

May. 

85-4 29th ftlay 

83'3 2lEt and 22nd 

May. 

88-4 plh June 

gfS 30th April 

82-3 12th to 14th 

June. 

84'I 28th to 30th 

June. 

90*9 2i5t and 22nd 

M ay. 

S8‘4 2olh and 2ist 

May. 

93-4 2gth fliay 


nth June 

3-fS 

32*29 

3rd June 

1 • 37-6 

34'3i ‘ 

29th May 

34'3 

31-06 

I2th and 14th 

35‘8 

34'lo 

June. 

27th May . 

28-1 

22 ' 6 y 

14th June 

40*1 

39-77 

t2th ‘ 

30*2 

27-40 

3rd July 

4S‘o 

42-93 


The data in the preceding table indicate that over nearly the whole of the interior of 
Northern India and the Peninsula, the coolest day of the year tends to occur in the last 
ten days of December. It is a few days earlier in ihe Deccan and Central Provinces than 
in Northern India and- on the averige of all stations in that area about the sist December. 
Tn the Gmgetic piain west of Patna it usually occurs between the 25th and 3 ,st of 

December and on tL average of all stations (omluing Lucknow) , on the 30th December. 
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It is from a week to a fortnight " later at the coast stations of Rangoon, Kurrachee, 
Chittagong and Madras. At Bombay it is delayed uniil the first week of February, due 
to the influence of cool waves from the north-west accompanying the cold weather storms 
of January and February. 

It is also considerably delayed in the hills of Upper India where the coldest days are 
usually experienced in the last fortnight of January. 

• The hottest day of the year occurs in the last week of April in the South and West 
Deccan, in the last ten days of May in the Central Provinces, Chota Nagpur, Bengal, 
Bihar, Central India and Rajputana, tn the first and second weeks of June in the North- 
Western Provinces, the East Punjab and Lower Assam Valley, in the last week of June 
in the Upper Assam Valley and in the first week of July at Leh, There is hence a fairly 
regular progression northwards of the epoch of the hottest day of the year, the range of 
the epoch e.Ktending over nearly eleven weeks, from the last week of April to the first 
week of July, 

Amplitude of the annual variation or annual range of 

temperature.— 'T'nc. amplitude of the annual variation or range of temperature may 
be determined in various ways. It may be estimated by taking the difference of the maxi- 
mum and minimum values of the mean monthly temperature. A second method employed 
is the difference between the lowest mean daily minimum and the highest mean daily maxi- 
mum. A third method employed is to estimate it as the mean of the absolute range (the 
difference between the extreme temperatures recorded each year) for as many years as 
data are available. The second and third methods give measures differing slightly, whilst 
.the first method furnishes measures much smaller than the second or third. "The data 
are not of much importance for the present discussion. 

In the following table (Table XXVIII) are given the maximum and minimum values 
of the monthly temperatures and their differences which represent the mean annual range 
of temperature as determined from the monthly means ; — 


TmiuE XXVIII . — Annual range oj iemperature at 29 slnlions determined from the monthly means 

of temperature. 



Station. 

Minimum 

Month. 

Maximum 

Month. 

iMinual 

ranee. 




9 


0 




0 

t 1 

Trivandrum . . 

• • 

76-32 

December 

S0-9S 

April 


• 

4-66 

u 1 

Madras . . 

• « 

75-10 

j,-»nunry . 

sG-70 

M.-iy 

• 

• 

>l-6o 

- 

Ilombny . . • 


73 -So 

»> * * 

85-20 

»» • 



11*40 

»• 

0 

Aden . . 


75-86 

»» • » 

87-96 

June 

• 


irio 

c: 

R.mgoon . . 


74 - 4 » 

»» • ' • 

S 4 ’ 7 * 

April 

• 


I 0 ' 3 p 


Trichlnopoly . . 


7617 

»» • » 

SS-II 

1 } • 



11-94 

d 

Y. 

BclUsry 


7»'49 

December 

89-20 

#; • 

• 


iG 71 

Y, 

Bcic.num . 


69-01 

fl • » 

78-74 

It • 



9-73 

J ' 

U 

Poon.-i . . . 


6S-.}2 

It • • 

82-36 

»• • 



15-84 

0 

a 

Na!,'riur . . . 

• • 

05-77 

• » • • 

9 y 97 

M.-iy 

• 

• 

27'20 

\ 

P.icfim.srlii (Hills) . 

• • 

56-64 

»» • 

8.(-78 

M • 

• 

« 

28-14 










■65 discussion of the results of the hourly observations. 

Table XXVIII— 



Station. 

Minimum. 

Month. 

Maximum. 

'Month. 

Annual 
range, ‘ 






0 


« 




0 


Chittagong 

• 


• 

6fi‘4o 

January . ' , 

Sa-io 

May 


* 

15-70 


Calcutta . 



• 

OS'm 

Decomber and 

85-20 





V) 






January. 






0^ 

Kurrachee 

• 



65-18 

January . . 

S6-SS 

June 

• 


■ 31-37 

j. < 

Cuttack . 


• 


68-71 

December 

87-70 

May 

« 


, :8-g9 














Uhubri . 


« 


62-30 

J.anuary . 

Srgo. 

Jo'y 


• 

, 19-60 

0 













Sibsagar • 




57-70 

.f* .• • 

83-00 

.♦ 

- , 


35-30 • 


Patna . 




6o‘6o 


88-10 

May 



, 27-50 


Hazaribagh 

• « 



•60-40 

December . 

84-70 

St • 



-.24-30 


Allahabad 

• • 



6o-ii 

January . 

91-76 

tt ^ • 



•31-65 

0 

Jubbulpore 




00-24 

December , 

90-93 

ff • 



30-69 


Lucknow • 

• 



58-53 

January . 

90-82 

June 


4 

32*29 

>4 

2 

Agra 

« • 

• 


59-90 

” 

94-21 

>» • 


0 

34-31 

04 

0 

ee 

Jaipur . 



• 

59-58 

t». • • 

90-64 

May 


• 

, 3rc^ 

tr 

Ji 

Roorkce . 


t 

• 

55-50 

,ff * * 

89-60 

June 


• 

34-10 

H 

Deesa . 

• 


« 

67-46 

l» t '• • 

91-71 

May 

• 

• 

34-35 


Lahore . 




53-98 

ff • • 

93-75 

June 


• 

39-77 


Simla (Hills) 




40-60 

ft » • 

■ 67-90 

tt * 


. 

27-30 


Lch (Hills) 



• 

19-38 

»>' .♦ » 

62-31 

July 



42-93 . 


The following are the chief facts regarding the annual variation of temperature as' 
■ determined from the mean monthl}' values of the temperature: — 

(i) The annual range is very small in (he west coast districts of Southern! India, 
including Travancore and Malabar, where it is less than 5° (as given by 
the data for Trivandrum!. 

(2! In the south and east of the Peninsula including the Coromandel coast dis- 
tricts, Mysore, Coorgand the West, Deccan, and in Lower Burma it ranges 
between 10° (at Belgaum) and 17° (at'Beliary). , 

(s') It ranges between 15° and 20° in Orissa, South Bengal arid , Lower Assam. , 

(4) It ranges between 20° and 30° in the Central and North Deccan and also in 

Chota Nagpur, Bihar, Upper Assam and /West Rajputana (as represented 
by Deesa). ' , 

(5) It ranges between 30° and 40° in the North-Western Provinces, the Punjab, East 

' . Rajputana, Central India and the northern districts of the Central Provinces. 

(6) It is absolutely greatest at Lahore in the plains of India (39 *8) and at Leh in 

the-Upper.Indus' Valley (42°9). ' 
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In the following table are given data of the annual rai. 
temperature data of the hourly observation memoirs and in pai^’*^^'' increases m amount 
mum and mean daily maximum data utilized- in the preparai^?”) to Upper India (at 
Weather Report : — 

table XXIX. 


ceases m amount 



Station. 





Mean annual kance of tkmpbrature as mU averages 4 °* 

3 • TT 


DifTcfcnce 
between 
non periodic 
maximum and 
minimum from 
the hourly 
temperatures 
of the year. 

DifTcrcnce 
between 
hljjhest rnean 
dally matlmurn 
and lowest 
mean daily 
minimum 
of the j-car. 

Difference 
^ between 
highest mean 
monthly 
mattmum and 
tonest mean 
monthly 
minimum 
temperatures 
of the year. 

’ 1 

Difference 
between 
highest and 
lowest mean 
daily 

temperatures 
of the year. 

11 upper 

Central 

ur. 

LltHar. 

month. ^ 
temperatui 
of the year. 








a 

« 

0 

0 

0 

Lahore , . 



• 

• 



639 

6S7 

650 

40*1 

.■i 9‘8 

Kurrachec 




■ 



39-» 

42- 1 

3S8 

23'3 

21-4 

Roorkce 




4 

• 

4 

SS-o 

63-1 

587 

35'8 

34-1 

Agr.a . 



• 


t 

• 

57-3 

833 

SS'5 

37'6 

34'3 

Jaipur . 



• 


« 

4 

SS'O 

622 

S7’4 

34-3 

3fi 

Lucknow . 



• 

< 


• 

57' 1 

6f8 

SS-5 

34'S 

32-3 

Occs.a . . 



• 



• 

54-4 

57‘3 

S4'S 

28- 1 

22*7 

Patna , 




• 



5'7 

53’9 

Si'o 

30‘4 

27-5 




« 

> 

» 


4S-3 

SrS 

e,%’\ 

29*1 

2V3 

Dhubri . . 



• 

‘ 


• 

34'o 

38-4 

34'S 

192 

198 

Sibsagar • 




• 

« 

* 

41-4 

44-2 

dl'O 

25 ‘l 

23-3 

Cuttack > 



• 

• 

• 


427 

40-5 

44'0 

22-8 

IQ'O 

Chittagong . 



• 

• 



33-8 

35’4 

33‘2 

i7'6 * 

>57 

Rangoon 




• 



34 'o 

38-2 

34-1 

I 2'4 

10-3 

Jubbulporc . 




• 



58-2 

03 -I 

597 

34-8 

307 

Pachmarhi . 







48-5 

52’8 

49'6 

27-9 

28-1 

Nagpur. . 




• 



54-8 

58-3 

. 55-4 

30-8 

27*2 

Poona . . 




• 



485 

494 

ATZ 

i8-8 

15-8 

Bclgaum . 




• 



384 

40-9 

390 

13-5 

97 

BcHary . 




• 




457 

43’4 

ig-i 

16-7 

Trichinopolj' . 




• 




36'6 

34'2 

14‘6 

Ii'9 

Simla . 




• 




7 

30*0 

30-2 

27-4 . 

Lch 




• 




72'8 

678 

45 0 ' 

• 4:'9 

Aden 




• 




23’0 

2f8 

125 

J 2 *I 


The mean annual range in the preceding table is determined by five methods. The 
results differ slightly in the cases of the first, second and third methods (given in the 
corresponding columns), but vary largely from the results obtained by the fourth and fifth 
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methods. In the first figure column are given estimates of the mean annual range as 
determined by the differences between the non periodic maximum and minimum' tempera- 
tures as deduced from the data of the hourly observation memoirs. 

In the second figure column the mean annual ranges • obtained are the differences 
between the mean lowest night.temperature and highest day temperature as determined 
from the daily observations of upwards of 20 years and utilized in the preparation of the'- 
temperature variation data of the India Daily Weather Report. 

In the third column of the table the annual ranges are measured by the differences 
between the highest mean monthly maximum and lowest mean monthly minimum and in 
the fourth figure column by the 'differences of the minimum and maximum values of the 
mean daily temperature. In the fifth column the annual range is determined from the 
^highest and lowest mean monthly temperatures. 

In the following table (Table XXX) are given the Ipwest mean minimum tempera- 
ture and the highest mean maximum temperature as furnished by the mean diurnal data 
utilized in the preparation of the India Daily Weather Report (for the data of the columns 
headed variation from normal of the maximum and minimum temperatures). The 
differences of these figures are given in the third figure column and represent the mean 
absolute annual range of temperature at the twenty-eight stations under discussion. 

In the fourth column are given data of the absolute range as determined from the 
actual absolute ranges of the nine years, 1891— 99, and in the final column the differences' 
between the estimates in the third and fourth columns. ' , - 


Table XXX. 


Station. 

Highest mean 
maximum 
temperature 
’ of the year. 

Lowest mean 
minimum 
temperature 
of the year. 

Mean 

absolute 

ranpe. 

(«) 

Absolute rang<» 

as determined 
from the ncluals 
of the p»*nod 1S91 
99* 

Dirteience W-tn) 




0 

’ 

‘0 

0 

0 

0 

Lahore 



107-4 

387 

68-7 

' 82-3 

13-6 

Kurrachee 

• • 


gfi-o 

539 

42-1 

64-9 

22-8 

Roorkee 

■ « 


■ 105*2 ^ 

/ 

42-1 

63-1 

77-1 

14*0 

Agra . 


J 

109-5 

46'2 

63-3 ' 

73-7 

JO’4 

Jaipur . 



107-S 

45-6 

62 '2 

76-2 

i4’o 

Lucknow 


' 

105-9 

44-> 

61-8 

74-1 

12-3 

Allahabad 



loS-z 

45-9 

62‘3 

74-5 

12*2 ‘ 

Deesa . 

• • 


107-5 

50*2 

S7'3 

74'5 

I7'2 

Patna . 

• • 


1027 

48-8 

S3'? 

.66-3 

, . 12-4 : 

Hazaribagh 

• • 


loro 

48-2 

S2'S 

6S-1 

12-3 

Dhubri , 

• 


pro 

52-6 

38-4 

4 52'0 

13-S '! 

Sibsagar 



gz’S 

48-4 

44'2 

S3'9 

9-7 I 

• Calcutta 



96-9 

53’4 

43'S 

56, -1 

'12-6 ' ' 

Cuttack 



103-6 ■ -■ 

sn 

46-5 

58-7 

12*2 

Chittagong 

• 

-r 

89^8 

S4‘4 

'35-4 

47-2 

irS 
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Table, XXX — concluded. 


Station. 

Highest mean 
maximum 
tempo fature 
of the jear. 

Lowest mean 
minimum* 
temperature 
of the year* 

Mean 

absolute 

range. 

(«J 

Abosolute range 
as determined 

from the actuals 
of the period’iSgi- 
gg. (&) 

Difference (A)— («). 





0 

t 

0 

° \ 

0 

Rangoon 


• 


989 

62-7 

36-2 

45 'i 

\ 8-9 

Bombay 


t 


' 90'9 

66-s 

24-4 

32-9 

\ 8-5 

Jubbulpore 

• 

• 


io 5'7 

42-6 

63-1 

73’8 

107 

Pachmarhi 


• 


95'4 

42-8 

52-6 

63-1 

12*5 \ 

Nagpur . 

• 

« 


109 s 

SI -2 

58-3 

67-6 

9'3 

Poona . 

• 



X 02*0 

52-6 

49-4 

61-3 

11-9 

Bclgaum 




97 't 

56-2 

40-9 

50-2 

97 

Bellaiy . 




io4'8 

59 ‘« 

457 

53'6 

7'9 

Trichinopoly 




102-5 

65‘9 

36-6 

45 ‘® 

9-0 

Madras 




997 

66-8 

32-9 

47-6 

147 

Trivandrum 


• 


88- 1 

70-5 

17-6 

25-6 

8-0 

Lch 




So *4 

7-6 

72-8 

92-5 

'97 

Aden . 




946 

7I'6 

23*0 

327 

97 


It will be sufficient to discuss the values of the mean absolute range given in the 
fourth figure column. 

(1) The absolute annual range is least in the Malabar coast districts where it is 

about 25°. It is slightly greater in the Konkan for which it is 33° as given 
by the Bombay data. 

(2) It varies between 45° and 54° in the Coromandel coast districts and in the 

south and centre of the Deccan, and between 61° and 68° in the northern 
half of the Deccan (represented by Poona and Nagpur). 

(3) It ranges between 45° and 59° in Assam and the Burma and Bengal coast 

districts and increases rapidly on preceding westwards up the Gangetic 
valley, where it averages 75°, to the Punjab. It is 82° at Lahore and 
92°. 5 at Leh where it is greatest. 

(4) The absolute range is hence three times as great in the more distant districts 

of the interior of Northern and Central India as it is in the Konkan and 
Malabar coast districts where it is least. 

The law of the annual variation of temperature.— In the preced- 
ing paragraphs have been discussed the epochs of the maximum and minimum values of 
the temperature in its annual variation and also the range or amplitude of the variation. 
We have now to consider the law of that variation. The data (consisting of the monthly 
values of the mean temperature) for the 28 stations under discussion will be found in 
Table XXV, page 60. 

The law of the annual variation of temperature . diffets very considerably in different 
parts of India, A comparison of the annual curves given in Plates X to XIII shows 
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the chief features, and is instructive, more especially as illustrating the varying effects- of . 
the wet monsoon in different ’parts of India. The following gives a few of the more ' 
interesting features ; — ' . , . . . , ’ , 

A. — The curve for Trivandrum {vide Fig. 15, Plate XI) probably represents the’ 

character of the annual variation at the Malabar and Ceylon coast stations 
and Port Biair. The annual variation '’is very small, , not exceeding 5®. - 
The mean monthly temperature is lowest in December and rises until April, 
when the occasional occurrence of thunder showers causes the mean tern,-;' 

■ perature to decrease. It falls until June when the monsoon rains set in 
and is practically constant during the remainder of the year. • 

B. — The curves for Madras and Trichinopoly {vide Figs. 13 and 14, Plate XI) pro- 

bably represent the annual variation in the Coromandel coast districts and 
South Central Madias. The mean monthly temperature is lowest in Janu- 
ary, rises nearly uniformly to April .or May, falls slowly due to the- south-- 
west mohsoon influence until September and then more rapidly during the 
remainder of the year, due to the decreasing effect of solar radiajioti • and 
the influence of the heavy rains which usually occur during that period. , ' 

C. — -The curve for Bombay (r/me Fig. 6, Plate XI), probably represents the annual 

variation for the Konkan coast. It differs slightly- from the Madras curve, 
chiefly in that there is a slight rise in September and October at the end 
of the south-west monsoon. The curve has hence two maxima and minima ; 
the absolute maximum and minimum being in May and January and the 
secondary minimum and maximum in August and October. The range of, 
variation is about 11°. ' , 

The curve for Aden (Fig. 17, Plate XI) is similar in general form to.' that of ■ 
Bombay'. The absolute ma.vimum is a month later (in June) and the second- 
ary maximum a month earlier (in September). 

The Rangoon curve (Fig. 5, Plate Xi) is also similar to that of Bomba}', 
the only important difference' being that the hot weather maximum occurs 
a month earlier (in April) at Rangoon than at Bombay'. , ' 

D. — The curves for Poona, Belgaum and Bellary (Figs. 10, 1 1 and 12, Plate XI) 

represent the annual Variation in the West and South Deccan. That for 
Poona is probably most typical of this area. At these stations the mean 
monthly temperature increases rapidly from january to April, falls rapidly 
in June and Julyj increases slightly in September .and October and falls 
rapidly in November and December; The representative curves have • 
hence two maxima and minima, the primary values in, April and December 
arid the secondary' in October and July'. 

E. — The annual variation at all stations in the interior of Northern and Central 

India and in the Central Provinces follows, the same general law. At ail these, 
stations (including Nagpur, Pachmarhi, Cuttack, Patna, Allahabad, Lucknow,, 
■Agra, Jaipur, Deesa, Kurrachee and Lahore) the mean temperature rises 
rapidly from January to May or June. It falls rather rapidly in June and 
July, arid is practically constant during the rnonths of August. and Septern- 

■ ber arid then falls rapidly during the remaining three months of the year., - 
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The rise during the first five months of the year increases in amount 
northwards from the Central Provinces (averaging 27°) to Upper India (at 
Lahore) for which it averages 35°. 

The fall in June and July due to the monsoon influence is largest and most 
marked iri the Central Provinces (averaging 13°) and decreases in amount 
northwards to the Punjab as represented by Lahore for which it averages 4°. 
The fall from September to December is greatest and most rapid in Upper 
India (averaging 30°) and decreases in amount southwards to the Central 
Provinces where it ranges between 18® at Jubbulpore and 13° at Nagpur. 

F. — The curves for Chittagong and Calcutta (Figs. 2 and 4, Plate XI) are similar. 

The cur\'es for these stations differ from those of the stations named in 
E, in that the south-west monsoon influence is very slight. Temperature 
at these two stations increases rather rapidly from January to May and is 
practically constant (with a very slight tendency to decrease) during the 
next five months. It falls rapidly in November and December. The annual 
variation probably conforms to this type in Arakan, South Bengal and the 
Orissa coast districts. 

G. — The Leh and Sibsagar curves (Figs. 1 and 16, Plate XI) are unique in that 

neither show the south-west monsoon influence to any extent. 

The mean monthly temperature increases at each of these stations from January 
to July and decreases to December. The curves are fairly symmetrical. 
The range of variation is absolutely greatest at Leh of all the 28 stations 
under discussion, v/s. 43°. It is considerably smaller in amount at Sibsagar 
for which it is 25°. The curve for Sibsagar probably represents the variation 
over the small area of the Upper Assam Valley, while that for Leh probably 
obtains over the whole of the high plateau of Thibet. 

It may also be noted that the mean daily temperature at Leh is nearly 
constant for some time (from about the 30th January to the 8th February) 
at the minimum epoch and also for a longer period at the maximum epoch 
{yiS; from the 19th July to the 7th August). The rise of temperature is 
usually most rapid from the Sth to the iith June, during which the mean 
daily temperature increases at the rate of nearly 1° per diem. 

Dl'llVnul VClviCltiOJl of tCinj^GVntlirC, — This clement of observation is 
not only important in itself as furnishing one of the chief indications of the climatic condi- 
tions, but is of the greatest importance for the present discussion as it is more or less 
directly related to the diurnal oscillation of pressure. 

The general character of the variation is the same throughout, the representative 
curves having a single minimum (during the night hours) and a single maximum (during 
the day hours). The amplitude of the variation and the epochs of the maximum 
and minimum values vary . considerably from season to season and the form of the 
curves also differ to some extent. 

The subject is discussed under the following heads. 

(1) Epochs of the maximum and minimum phases. 

(2) Amplitude or range of variation, 

(3) Law of variation with season and locality. 

(4) Bessel'an formula. 



72, DISCUSSION OF THE RESULTS OF THE HOURLY OBSERVATIONS 

(i) Epochs of the maxvmm and viinimnm phases oj the diurnal variafion^ of ' 
temperature . — , . _ 

A . — Epoch of the minimum phase of the diurnal variation of temperature.^'lh^ 
following table (Table XXXI) gives data ol the minimum epochs, on the mean or normal 
day of the year and also the earliest and latest monthly epochs during the ■ year,- at ^ 
twenty-eight stations in India. 

It should be noted that the epochs are calculated from the data of the harmonic 
or Besselian formula representing the diurnal variation of temperature. ,, , ' ; 


Table XXXI. 





1 



Minimum 

ErOCH, 



■„ 


Area. 

Station. 

Mean day 
of the jear. 

Earliest. 

Month. 

Latest, 

Month. 

Range cf ‘ 
epoch UHi]n| 

■ year. 




1 

A.M. 

A.M» 


A.M, - 



n. >n . ' 


• / 

Trivandrum 

. 

4-51 

4-34 

May . 

5 - 9 

February , 


.0 '35 


O 

u 1 

Madras 


5-28 

5-18 

May and June 

6-16 

January 


'0 ’58 '• 


1 

5 1 

Bomba}’ 


5-34 

5- 6 

ii 

6-36 

ti ' 


' ' ’3“, . 


h ‘ 

o ' 

Aden < 


S-aO 

4-39 

May , . 

6- s ' 


• 

I '26 



Rangoon 

• • • 

5-27 

4'37 

July . . 

0- I 

February 


1 , 24 ' 



Trichinopolly 

• « « 

5-20 

S- 7 

November . 

5-37 

December 


0 30 


r* 

< 

Bcllary , 

• • • 

S-25 

4-44 

June . 

S-4t 

January ' 

• 

0 , 57 ,' 


b: 

Bclg.aum 


5- 9 

4-34 

August 

5-39 

t» 

« 

* 's, ' 


o 

Poona . 


5*23 

4-2 

July . . 

5-57 

t) 


■1 55'. ‘ 


o 

Nagpur 


5*20 

4-38 

May 

. ’ 5-5° ' 

t> 


t, J2' 



Padimarhi (Hills) . 

5- 8 

4-42 

>» * » 

5-57 

July . 


■ 1 • IS ■ 


Eh / 

n 
< 

! Chittagong 

* • « 

5-32 

• 

4-43 

»* * . I * 

- C’lO 

January • 

• 

1 . 27 ■ 


u . 

Calcutta 

• • • 

5-30 

4-35 

June . 

6-13 

' • Jt 


I '.38 


< < 

E SI 

Kurrachee 

• 4 » 

5-35 

4-31 

» * • 

6.12 



I 41 


^ Q 

c; 

H 

Cuttack . 

• • 

5-32 

4-38 


6’M 

*1 


I 36 , 


Dhubri . 

• 

5-32 

4-iC 

■*’ . * * 

C-21 



2 5 


y. 

Id 

Sibsagar 

• • 

5-32 

4-46 , 

l» • • • 

■ ,5-57 

*» 1 

• 

I II 



Patna . 

• « 

5-30 ■ 

s- 2 ' 

May ' • 

,0-0 ' 

>* 


0 s8 



Hazaribagh 

t 

S -30 

' 4-47 

June ' ' . • ■ . 

C-lo 

» 


I 23 


Q 

Allahabad 


5-31 

■ 4-59 

May ■ . . 

, 4 ‘ 

’ » . 


' . 5 


< 

5; 

1 Jubbulpore 

• • 

5(27 

• 4-47 

July . . 

C- I 



I 14 . 



Lucknow ‘ 

« • 

s-js 

4-55 ■ 

May 

S-- 4 G ; 

» 


0 51 


U 

£ 

Agra . 


S-43 

5-6 

Juno • ■ < 

6-22 

^ ' f* 


, I 16 


tt ' 

H 

Jaipur . 


S-2S 

4-43 

M ♦ * 

. 6- 0 

M 


> , >7 


Eh 

H 

Roorkee 

\ 


S-Z7 , 

4-54 

July ’ . ' . 

. 6-35 

December, 


■I 4t 


w 

Deesa, . 


S -29 

5- 3- 

September . 

s-s> 

' l» 


0 48 



Lahore . 


■S-3I 

, 4-50 

July ■ . 

6-17' \ 

January 


'T 27 



1 Leh (Hills) 


S-I3 

. 

4-34’ 

May and June 

■ 5-52 

>» 


I IS 
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Before discussing the data it is necessary to point out that there are coosiderable 
doubts as -to the accuracy of the Lucknow observations. The Lucknow observer was 
originally one of the best observers in Northern India, but latterly became very careless 
and delegated his duties to subordinates and in some cases to peons, and it is probable 
that some of the peculiarities, or abnormal features in the Lucknow results are due to this 
fact and merely represent frequent careless and erroneous observation. It may also be 
noted that the shed at Agra was of a peculiar pattern which impeded the free circulation 
of the air. It was also shut in by buildings and walls at comparatively small distances. 
The temperature observations at that station are hence not strictly comparable with those 
at other stations and the results present abnormal features which are in part at least due 
to the abnormal conditions and exposure of the instruments and are hence not representa- 
tive of local features or conditions of the meteorology of Agra and its neighbourhood 
The calculated epoch of the minimum at Trivandrum on the mean day of the year is 
4-51 A.M., but the variations of temperature are so small during the night hours at that 
station that the methods of calculation adopted fail to give trustworthy results in such a 
case. 

The data of the remaining 25 stations (which may be accepted as fairly accurate) 
indicate that the epoch of the minimum phase of the diurnal temperature oscillation on 
the mean of the year occurs at almost the same instant at all stations in the plains of 
India, and on the mean of the whole almost exactly at 5-28 A.M. or half-an-hour before 
the mean hour of sunrise. The data appear to indicate it is earliest at Nagpur (5-20 a.m.) 
and latest at Kurrachee (5-35 a.m.) The differences are however small, and in the great 
majority of cases within the limits of the errors of observation. The data for Pachmarhi 
and Leh indicate that the minimum occurs slightly earlier at the hill than the plain stations 
in India. 

The results hence establish that over the whole of the plains of India, in the coast 
districts as well as in the interior, the epoch of the minimum of the diurnal variation 
of temperature' of the mean day of the year is almost exactly half an hour before 
sunrise. It is, so far as can be inferred from the data of two stations, slightly earlier 
at the hill stations in Northern and Central India than at the neighbouring plains 
stations. 

The epoch of the minimum phase of the diurnal variation of temperature varies 
throughout the year with the time of sunrise and is as a rule earliest in May and June 
and latest in January. There are a few local exceptions to this rule and it is not possible 
to determine from the observations whether this is due to observations not being numer- 
ous enough to eliminate irregularities or to the method of ascertaining the minimum epoch 
from the harmonic formula to four terms not being sufficiently accurate in this case, when 
the variations of temperature for sometime before the minimum epoch are very small as 
well as irregular. The range of variation of the minimum epoch varies so greatly from 
station to station as to suggest that the latter inference is probably correct. 

The following gives the average difference between the epoch of the minimum and 
sunrise for the four groups of stations and for the four divisions of the 3'ear as 
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determined by the two methods of calculation, vts., Jelinek’s' method and Lagrange’s ' 
method • - 


Season. 

■ ' 

DIFFEI^ENCE between epoch or minimum and SUKRISE. ' ' ■ 
(By Jrlinek’s method). 

ExTRA-TnonoAi. India. 

Tropical India. | 

Inlant). 

Coast. 

Inland. 

Coast. 





H. M« 

n. M. 

H. M. 

H. M. 

Cold season .... 


• 

• 

O 43 

0 42 

0 57 

0 ‘ 40 

Hot season . ... . . 


• 

• 

o 28 

0 31 

0 44 

0 50' 

Rainy se,ason or south-west monsoon 

. 

. 

• 

0 24 

0 3 P 

0 39 

0 32 

Retreating south-west monsoon • 

• 

• 

• 

0 4 S 

0 3C 

0 52 

0 33 


DlPfr^RBKCB BETWEEN EPOCH OF MINIMUM AND SUNRISE t 


Season. 

India. 

XROPicAt, India. 

Inland. 

Coast, 

Inland. 

Coast, / 





n. 

M» 

U, M. 

H. M. 

a. M. ■ 

Cold season .... 



• 

0 

3? 

0 26 

0 39 

0 24 ' 

Hot season 

• 


• 

0 


0 IS > 

0 21 

0 49 

Rainy season south-west monsoon . 


• 

• 

0 

13 

0 24 

0 24 

0 32 

Retreating south-west monsoon 

• 

• 


0 

36 

0 21 

0 30 

0, 23 


The preceding data suggest that there is a tendency for the minimum to, occur a few 
minutes later (in the morning) in the coast districts than in the interior of India during 
the retreating south-west monsoon period and cold season, and for it to occur slightly 
earlier in the coast districts than in the interior during the hot and rainy seasons. 

The following table gives data for the four groups of stations for the mean day of, the 
year and the mean range of variation ; — ' 


Group. 

Epoch of minimum 
on the mCiin day 
of the year. 

Mean difference 
between the earliest 
and.hatest monthly- 
' ^ epoch. 


A. M. . 

■ n. M. 

Extra-Tropical Inland (excluding Lucknow and Agfo) . 

S -27 

I IS 

Extra-Tropical Coast and Assam ...» 

S-32 

I 36 

Tropical Inland . . ' . . , ’ . ' • 

5.1S . 

I 9 

Tropical Coast (excluding Trivandrum) , , . • • 

S-39 , 

I 20 


The results are interesting as showing the contrast between the variability at the - 
inland and the coast stations. ... 
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B . — Epoch of the maximum phase of the diurnal variation of temperature . — The fol- 
lowing table (Table XXXII) gives data of the epochs of maximum temperature at 28 
stations : — 


Table XXXIl. 






' Maximum epoch. 













Area. 

Station. 



Mean day 
of the year. 

Earliest. 

Month, 

Latest. 

Month. 

of epoch 
during year 





P.M. 

P.M. 


P.M. 


H. 

M. 


Trivandrum • 


. 

1-34 

0*2 X 

October 

2-23 

January 

2 

2 

M 1 

Madras . . 

• 4 


1-32 

0-46 

April 

2- 7 

August 

I 

21 


Bombay 



2-29 

I-16 

July . . 

2-36 

October and 

I 

20 

< ' 





December to 











February. 



0 

a 

Aden . . 


• 

2-30 

X 1 - 24 A.M. 

October 

5-30 

July . . 

6 

6 


Rangoon 



1-50 

II-59A.M- 

August 

2-32 

January 

2 

33 






P.M. 



February 




Trichinopoly . 

• 


2-39 

1-30 

December 

3-17 

I 

47 

1 

Bellary . , 



2-49 

2- 5 

Ju'y > 

3*20 

ft • 

I 

IS 


Belgaum , . 

• 


2. I? 

0:45? 

» • * 

3 - 3 ? 


2 

18? 

< 

Poona . . 

« 


2-24 

0-48 

August 

3-20 


2 

32 

0 

CC 

Nagpur • 

• 


2-50 

I-II 

July . 

3-23 

January 

2 

12 


Pachmarhi (Hills) 



2-52 

2-23 

September . 

3 - 7 ’ 

April . 

0 

44 

. { 

Chittagong . 

• 


1-49 

0 - 4 

June . 

1-56 

October 

1 

52 

si 

Calcutta ■ . 

• 


2-44 

t-IO 

August 

3-28 

February 

2 

iS 


Kurrachee 

• 


1-25 

0-54 

April . 

2- 7 

ft • 

1 

13 

c: Q / 









Cuttacls . 

• 


2-17 

0*17 

August . 

2-54 

»l • 

2 

37 












H w 

5 

Dhubri . 

• 


2-44 

1-25 


3-10 

April . 

I 

45 










\ 

Sibsagar . 



2-56 

2-30 

November , 

3-29 

July . 

0 

59 


Patna . • • 



2-47 

2-23 

September 

3 - 9 

August • 

0 

46 


Hazaribagh . 



2-10 

I-II 

ft • 

2-30 

January to 
April and 

I 

19 

a 

X 








October to 
December. 



Allahabad . 

• , 


2-23 

1-56 

November . 

2-56 

June . . 

I 

0 

2 

Jubbulpore . 



2-47 

2-17 

August 

3-14 

March • • 

0 

57 

< 

0 

Lucknow 



2-45’ 

2-22T 

December 

3- 8? 

»i • 

0 

46? 

° 

c: 

Agra . 



3- 3 ? 

2 - 33 ? 

August 

3 - 25 ? 

ft • 

0 

52? 

s 

Jaipur . 



2-50 

2-30 

it • 

3-14 

it * 

0 

44 

X 

Roorkee 



2-34 

i- 5 » 

June 

3-54 

July . 

2 

3 

Ui 









38 


Deesa • . 



2-56 

2-38 

November 

3-16 

March • 

0 


Lahore . 



2-36 

2.18 


3 - 3 

June 

0 

45 


Leh (Hills) . 



2-22 

1-58 

January • 

2-47 

)> • • 

0 

49 


The mean epochs of the maximum vary within much wider limits than those of tl>e 










DISCUSSION OF THE RESULTS OF THE HOURLY OBSERVATIONS 
The following appear to be the more important inferences from the preceding,' 

The epoch of the maximum phase at the inland stations in Northern or Extra- 
Tropical India, excluding Lucknow and Agra, is on the mean of the year 
2-36 P.M. It is, on the whole, slightly later at the stations most remote 
from the coast than at the coast, stations. 

The epoch of the maximum phase at the coast stations in Northern or Extra- , 
Tropical India is on the mean of the year 2-19 P.M., and hence 17 minutes ' 
earlier than at the inland stations in Northern India. 

The epoch of the maximum phase at the. inland stations in the Peninsula ' 
(excluding Belgaum where the conditions appear to differ considerably from 
other stations) is 2-43 P.M., and hence practically at the same instant as 
the corresponding epoch in Northern India. 

The epoch of the maximum phase on the mean of the year at the coast sta- , 
tions in the Peninsula and Burma is 1-51 p;m., and hence almost simultane- 
ous with the corresponding epoch at the more northerly coast stations in 
India and 52 minutes earlier than at the interior stations of the Peninsula. 
The epoch of the maximum is, as a rule, earliest in the rains {i.e., June to 
September). This is the case at 16 out of 26 stations. The early occur- 
rence of the epoch at Allahabad, Deesa and Lahore in November is probably 
not a real climatic feature, but due to the observations not being sufficiently 
numerous to eliminate irregularities. Lucknow, it will be seen, again 
presents a,bnormal features, almost certainly not real, but due to imperfect 
or erroneous observations. 

( 6 ) The epoch of the maximum over the whole of India is, as a rule, latest in the 

dry season months and chiefly in January, February and March. Out of , 
the 26 Indian stations it is earliest in the day at five stations in January, at 
six stations in February and at five stations in March. It is later at the 
hill stations than in the plains and is very abnormal in its occurrence at 
Aden (ranging between 11-24 A.M.. and 5-30 P.M.) 

(7) The range of variation of the epoch of the maximum during the yearisgreat- 

est at the coast stations (at which it averages about a hours) and is least 
in the interior of Northern India, where it varies very slightly and averages 
45 minutes approximately. 

The following gives data for the four groups of stations and for the mean day of the 
year and the mean variation ; — 


Group. 

Epoch of maximum 
on the mean da, 
of the year. 

t 

Mean di/Terence 
between the earliest 
and latest month- 
ly epoch. 

* 

P.M. 

H.’ 

M 

,Extra-Tropical Inland (excluding Lucknow and Agra) • 

2 - 36 ' 

I 

0 

Extra-Tropical Coast and Assam • • • • 

2*Ip 

I 

47 

Tropical Inland (excluding Belgaum) . . • . 

, 2-43 

1 1 

42 

Tropical Coast (excluding Aden) . . , , • 

i-S' 

I 

4S 


76 

minimum, 
data : — 
0 ) 

(2) 

(3) 

(4) 

(5) 








RECORDED AT 29 STATIONS IN INDIA. 


77 


The differences in the epoch of the maximum between the coast and the inland 
stations appear to be mainly an effect of the distribution of cloud. The diurnal variation 
of the amount of cloud varies very considerably in different seasons and in different parts 
of India. In the dry weather there is always a considerable increase in the afternoon 
hours. This increase is most marked in the coast districts and in the submontane dis- 
tricts of Northern India, and is in part due to the large convective movements in the 
interior and in part to variations in the strength ,of the local sea winds or to the inter-action 
of land and sea winds. This cloud formation usually commences earlier, and is more 
pronounced in the neighbourhood of the coasts in India than in the interior, and is latest 
and least marked in the dry districts of Upper India. 

Similar considerations explain the unusually early epoch of tbe maximum at Bel- 
gaum and Trivandrum during the period of severe thunderstorms in the hot weather, and 
at stations such as Nagpur near hills where there is a large and pronounced afternoon 
increase in the amount of cloud. 

' (2) Amount or amplitude of the diurnal variation of temperature — The two fol- 

lowing tables give a summary of the data utilized in the discussion of this feature. 
Table XXXIII gives the mean diurnal range of temperature for each month of the year 
and for the mean day of the year and Table XXXIV a summary of the data in Table 
XXXIIl arranged according to seasons and also the maximum and minimum values and 
the months of their occurrence. 


Table XXXIIL — Mean diurnal range of temperature for each month of the year and 

for the whole year. 


Area. 

■ 

Station. 

January. 

6 

rt 

3 

.a 

0 

UJ 

March, 

a 

< 

i 9 

s 

June. 

*3 

August. 

September. 

October. 

November. 

December. 

Year, 



0 

0 

0 

0 

0 

D 

0 




0 

« 

0 


Trivandrum • . 

15-24 

15-33 

14*20 

12'3S 

10*37 

9-47 

9*00 

9-57 



11*79 

>3-49 

11-76 

j 

Madras « • 

ly’io 

18 60 

17*10 

* 5’70 

17*00 

l8‘oo 

17*10 

16*40 



12 70 

13-80 

16*10 

Tropical CoASTi 

Bombay • . • 

M'40 

14*10 

13*10 

10*90 

9*60 

8*00 

6*6o 

7*20 

8*00 

11*10 

13*40 

14*60 

io*8o 


Aden • . • . 

9*25 

9'32 

10*48 

12*91 

12*79 

10*73 

10*98 

11*28 

11*45 

13-75 

12-69 

9-89 

11*28 

1 

Rangoon • • 

24*66 

26*96 

25-63 

22*17 

»S *44 

9*91 

9-53 

9*37 

9*6i 

10*98 

> 4-54 

20*12 

16-34 

1 

Trichinopoly 

20*56 

24-09 

24-76 

23-68 

23*80 

20*53 

19-62 

19*71 

ip-se 

16-89 

15-24 

15-89 

20*32 

j 

Bellary . « • . 

27-14 

29*14 

aS-oS 

26-75 

24-95 

18*98 

16-54 

17-28 

17-79 

18-71 

21*19 

24-74 

22*62 

Tropical In-/ 

Belgaum • • 

26*02 

23*98 

29*44 

28-21 

25-06 

12*32 

8-49 

9’8i 

13*35 

17*40 

20*59 

23-18 

20*26 

LAND. \ 

Poona • « • • 

32-54 

35 'I 9 

3404 

32-88 

28-51 

16-S9 

11-59 

12*57 

15-59 

33*00 

26*68 

30*74 



Nagpur 

27-45 

29-41 

30 *.T 7 

29-75 

27-48 

20*22 

12-66 

12-85 

* 5*19 

21*07 

24*66 

26-77 

23*09 


Pacbmarhi (Hills) . 

23-55 

24-15 

23-78 

22*71 

19-78 

14-19 

7*52 

7-68 

io' 9 i 

18*29 

22*57 

25*09 

■ 8-35 

t 

Chittagong . 

2 2 -60 

22 90 

18*70 

*5-90 

13-30 

9*70 

9*10 

9*90 

10*50 

13*30 

16*80 

20*70 

IS‘ 3 o 


Calcutta • t ' . 

21*40 

22*00 

2o*6o 

19-70 

16*40 

12*40 

9*40 

9*10 

9*6o 

12*40 

l6'So 

20*30 

15'So 

Extra-Tpopi- I 

Kurrachee • • • 

31*92 

2]*20 

<9-33 

16-91 

14'39 

11*46 

9-39 

9*19 

11*40 

19-97 

25*22 

23-60 

17*00 

CAL Coast ( 















AND /.SSAM. j 

Cuttack « • 

2473 

24*80 

34*18 

24*00 

31 50 

15-73 

11-38 

12*40 

12*05 

IS-lS 

19*52 

23-87 

I9*pi 


Dhubri • • 

19’Sl 

21*10 

21 -38 

i6*iG 

> 3‘59 

1 

13 20 j 

8*28 

11*21 

8*19 

11*49 

16-13 

18*48 

14'33 


Sibsagar . 

19*80 

19*90 

19*00 

lC*oo 

1460 

9-47 

12*70 

7-94 

12*70 

14‘So 

lS*8o 

21-34 

16‘20 
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Table XXXIII . — Mean diurnal range of Icmferaturc for each month of the year and 

for the whole year — coiicicl. 



Table XXXIV.— Jfean dhtrnal range of temperature for each season of the year 

and for the whole year. 


Least siohriav. 


Station. Year. 

Fcb> 


Trivandrum 
Madras , 
Bombay 
Aden , 
Rangoon 

Trichinopoly 
Bellary . 
Belg^aum 
Poona , 
Nagpur , 
Pachmarhi (H 

Chittagpng , 

Calcutta 

Kurraclice 

Cuttack 

Dhubf! . ' 

Slb^iagar 



November , 
February . 
March 

December . 


ts‘24 

November 

lC-54 

July. 

S‘40 

}* 

”' 5 :> 

ft 

T2’66 

It 

7’52 

«> 

9*10 

»» 

9'io 

August. 
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Table XXXIV , — Mean diurnal range of temperature for each season of the year and for the whole 

concld. 


Area. 

STArloN. 

Year. 

January 

and 

Feb- 

ruary. 

5r3rch 
to May. 

June 
and Sep- 
tember. 

July anc 
August. 

June 

to 

August. 

October 

to 

Decem- 

ber, 

Greatest monthly 

Least 

momthly. 

Amount. 

Month. 

Amount 

Month. 

■ 


« 

e 

« 

0 

• 

0 

0 

• 


^ e 




Patna , 

19*50 

24*10 

2S-SO 

l3'8o 

lo*2e 

12*30 

20*10 

27*60 

April . . 

9*So 

August. 



Hararibagh • 

tS‘40 

23*10 

24*00 

13*60 

10*20 

12*00 

iS*40 

24*80 

... 

10*20 

July and 














August. 

. 


Allahabad 

23’35 

27-65 

29-63 

16-83 

11-78 

14*27 

26-25 


»* • • 

11*23 

August. 

a: 

< 


Jubbutpore * 

33-66 

29*41 

29-69 

>6-33 

10*86 

13‘43 

27*29 

31*68 

March 

10-7S 

»• 



Lucknow , . , 


2;-S2 

3o‘o3 

17*90 

12-83 

IS‘32 

2S-48 

31*10 

April, 

12*42 

>, 

sJ 


Agia . 

arSS 

25*40 

27*61 

17-81 

12*46 

I4'9S 

26*So 

28-96 

>1 • • 

12*12 

















Jaipor . 

=5-33 

26-30 

3973 

21*^2 

14'9S 

17*37 

29-S9 

31*37 

November . 

M‘9S 


< 


Roofkce , 

24'55 

aC'oS 

3S-6, 

20-4S 

14*11 

16*84 

29*12 

31*11 

»i • 

l3‘So 

July. 

£ 


Deesa « • 

26*62 

3**54 

3*‘14 

20*04 

i3‘S7 

16*12 

32*15 

33-66 

i> • 

13*14 

August. 



Lahore . « , 

35*50 

24*65 

27-67 


i3*oi 

20*44 

29-76 

31-36 

t> ■ 

17-89 




Simla (Hills) . 

IO*?0 

S'3(> 

13*60 



10*40 

lo*00 

i4‘7o 

June , 

5-40 

January. 


i 

Leh (HilU) * 

35*44 

21*67 

24*90 

■ 

H 

37*53 

23*3' 

28-14 

September, 

21*04 

n 


The following are the more important lacis of the diurnal range of temperature 
over India as indicated by the data of Tables XXXIII and XXXIV. 


(t) The mean diurnal range is large in the cold weather months of January 
and February. It is smallest in average amount in the cold weather 
season at the coast stations of Trivandrum, Bombay and Madras, at which 
it ranges between i4°‘3 and 1 7‘’*9, It is'very large in this season at Rangoon, 
as large as in the interior of India, due to the frequent prevalence of dry 
northerly land winds. It is moderately large in the coast districts of Extra- 
Tropical India and in Assam, ranging between \'^'9 at Sibsagar and 
24‘’'8 at Cuttack, arid averaging It is large over the whole of the 

interior where dry land winds prevail more or less steadily. It is, generally 
slightly larger in amount in the Deccan and Central Provinces than in 
Northern India, The Deccan is, on the whole, the driest ;area in India 
during the period, and is also remarkably free from disturbance and cloud. 
These are probably the conditions which give the very large range in the 
West Deccan, where it is actually highest at Poona, averaging for the 
period and 35°‘2 for the month of February, the highest monthly average 
for any station. The mean diurnal variation in the plains of Northern and 
Central India, i.c., Extra-Tropical Inland ranges, between 22°' 1 at Hazari- 
bagh and 3 1°'3 at Deesa and averages 26°‘S. 

(2) The mean diurnal range is also large over nearly the whole of India in tlie 
hot season. It is slightly less in amount in the coast districts due to the 
increasing influence of the sea winds throughout the period, but is ■ 
generally larger .in Northern and Central India than in the cold weather. 
The mean range in the Tropical coast districts (omitting Rangoon) is 13°, 
in the Extra-Tropical coast districts and Assam (including Rangoon) 
i8®'s, at the Tropical interior stations 27° 8, and at the Extra-Tropical 
inland stations (where it is greatest) 28''4, 
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(3) The mean diumal range is small in the humid months of the rainy season. 

is absolutely greatest at this season in the driest districts including the- 
Punjab, North-West Rajputana, Upper Sind, and the interior of Southern 
India. The range in July and August averages 1 1° in the Tropical Coast 
, districts (ranging between 6°‘^ at Bombay and !6'‘8 at Madras) and I2°‘9 in 
Extra-Tropical India (ranging between io°'2 at Patna and Hazaribagh and 
18° at Lahore). It ranges between g°'2 at Belgaum and ig°'j at,Trichino- 
poly, and averages 14°'! for the interior of the Peninsula Or Tropical India. 
The diurnal range during the height of the season ranges from 7° 'to in 
thq coast districts fully exposed to the influence of the south-west monsoon 
humid currents and 10° to 18° in the interior districts of Northern and 
Central India and the North Deccan. 

{4) The mean diurnal range in the retreating south-west monsoon period from 
October to December is similar in amount to that of the cold weather. In 
Extra-Tropical India the values for the plains stations average 
slightly greater than for the cold weather, due to the fine weather and small 
cloud amount in the period, October to December, It is actually greatest at 
Deesa where it averages 32°‘2 for the period. The diumal range is less at 
the coast stations in Extra-Tropical India in this period than in the cold 
weather, due to greater humidity and more frequent cloud, It averages 
i 8°-2 at these stations. It is also considerably less in the Peninsula, due to 
the same actions and conditions, averaging 13° for the coast stations and 
2 1°'7 for the inland stations. ^ 

(5) The diurnal range is greatest in North-Western India in November when 
the air movement is very feeble, the air very dry and skies most free ‘from 
cloud or dust. The mean diurnal variation exceeds 30° in this month at 
the following stations at which hourly observations were recorded : — ' " 


O 

Jaipur .......... 31*37 

Deesa 33'66 

Lahore . . 31*36 

Roorkee 31*11 


It is hence greatest at Deesa which is under the full influence of the dry land 
winds from Rajputana. Kurrachee follows the same rule, its maximum 
range being 25°*2 in November. 

It is, it maybe added, absolutely greatest at the following stations in India nol 
included in the list of the stations w'hich recorded hourly observations : — 

O 

^ Jacobabad 36’S 

Sirsa , . 36.3 

D. 1. Khan 35’7 

(6) The diurnal range is greatest in February and March at the majority o 
stations on the coast and in the interior of the Peninsula^ The amount ol 
. the range depends upon the extent to which land or sea winds prevail and 
is greatest in those districts in the interior which come under the maximum 
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influence of the alternating land and sea breezes. The following gives the 
most noteworthy maximum values for this group of stations : — 


Station. - 

Amount. 

Month. 

Poona 

• 







e 

35-19 

February. 

Jubbulpore . 




. 




31-68 

March. - 

Nagpur ' . , 

. 







30’37 


Belgaum 





• 



29-44 


Rangoon 

• 



. ’ 

« 


' 

26-96 • 

February. 

Cuttack . . 

• 



• 





24-80 

i) 


(y) The diurnal range is a maximum in April in the Gangetic Plain east of Agra. 
It exceeds 36° at the stations for which data are given below : — 

Lucknow ........ 3i°‘i 

Allahabad 3o“'9 

(8) The data show that the maximum diurnal range does not differ to any large 

extent over by far the greater part of the interior, ranging between 28° and 
34° over nearly the whole of Bihar, the North-Western Provinces, the 
Punjab, Rajputana, Central India, the Central Provinces and the Deccan. 
The absolute maximum, as already noted, is 3S°’2 at Poona in February. 

(9) The diurnal range is smallest in July and August at the great majority of 

stations, in July at stations in the interior of the Peninsula and West Coast 
districts, and in August over practically the whole of Central and Northern 
India and in November in Southern India represented by Madras and 
Trlchinopoly. The smallest ranges (less than 9°) are as follow : — 


Station. 

Lowest monthly 
mean diurnat range 
of temperaturtf. 

Month. 

Bombay . 



« 


' 

• 



0 

6’Co 

July. 

Pachmarhi 



« 

. 


• 

. 

• 

7-52 

July. 

Dhubri . 



t 

. 

♦ 

• 

. 

• 

7-94 

August. 

/ 

Belgaum • 

• 

« 

• 


• 

• 

• 

• 

8-49 

July- 


The absolute minimum mean monthly range of diurnal variation is at Simla 5°'4 in 
January. 

(3) Law 0/ the diurnal variation of temperahire . — There are several well-marked 
types, and it will probably be .sufficient to confine ourselves to the consideration of these. 
The following gives the more important types, vis . : — 

/si . — That of the inland stations in Northern India during the dry weather months 
(from October to May). 

snd , — That of the inland stations in Northern India during the humid months of 
July and August, representing fully’ the south-west monsoon conditions 
and influence. 
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— That of the inland stations in the plateau of the Peninsula and Central India 
during the dry weather months (from December to Way), 

4ih . — That of the stations in the interior or the Peninsula during the rains. 

— That of the coast stations in India in the dry weather or during the prevah 
ence of land winds. , 

6 th — That of the coast stations during the prevalence of sea rvinds. ’ 

(i) The first type is that of the interior stations in Northern India during the dry 
weather months from October to May. 

The following give the chief features of this type of the diurnal variation of tempera* 
ture in India : — s 

(fl) The minimum temperature of the day occurs about half an hour before sun- 
rise. 

(^) Temperature increases rapidly from 6 or 7 A.M. up to noon. 

(c) Temperature increases slightly from noon to about 2-30 P.M. when as a rule 
it is highest. 

(ji) Temperature decreases slightly from 2-30 P.M. to 4 P.M. 

(c) Temperature decreases rapidly from 4 P.M. to 8 P.M. ’ 

(/) Temperature decreases slowly during the remainder of the night from S P.M. 
to 5-30 A.M. 

The following data of Lahore for the month of April illustrate these features:— 


Period. 

Total chinffc in 
durmgr 

penod in April, 

Mran hourlj ra»c 
of chanj^ dunng: 
perivd in Apn! 






0 

0 

6 A M. to noon .... 

• 

. 



+22 07 

+3 6 S 

Noon to 3 r M. , , . . 


• 


• 

4-232 

■+0 77 

3 r M to 4 r.M 

• 



. 

— o-So 

—0 80 

4 r.M. to 10 P M. . . 



• 

• 

“iC 71 

-278 

10 r M. to G A M. . . 

• 

• 

' 

» 

— 0 88 

— 0-S6 


The following gives mean data corresponding to the first column of the previous 
table for the inland Extra-Tropical stations for each month of the period October to May, — 


Period 

October, 



Januiri 

Fcbruar>. 

March. 

April 

May 

A 

6am to noon 

NoontosPM . . 

3 r M to 4 P M 

4 P M to lO P M , 

10 p M, to 6 t.M . 

1 

0 

+2389 

+ 2-22 

— I 99 

— 16 20 

— 75 ° 

« 

-f- 22 ' 8 l 

+ 237 

— I’Sa 

— JS 52 

— 783 

0 

-f-2t 09 

+ 3'05 

— 1 26 

— 1500 

— 788 

0 

+2r8i 

+ 296 

— o’Bp 

— I 5 'S 7 

- S31 

0 

+32 Ol 

+ 3 t 2 

— 079 

—1643 

— 854 

* 

+ 22 ’St 

+ 2 92 

~ 07S 

—16 74 

— 799 



The curves ( Figs, ij ?, 19 and 20, Plate XV ) showing the mean diurnal variation of 
temperature of Lahore and Allahabad in the interior of Northern India in the dry and hot 
seasons are good examples of the type. Curves were prepared showing the change of 
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temperature during each hour of the day, but it was not thought necessary to give them 
except for the mean day of the year (Figs. 21 to 24, Plate XIV). These curves, it may 
be noted, differ very largely from the curves showing the mean variation of the intensity of 
solar radiation at the earth’s surface during the day, as measured directly by means of 
observation of solar radiation thermometers, and also from the curves showing the rate of 
change of the solar radiation temperature. [Vide curves. Plates VI arid VII). 

. (2) The second type is that of the interior stations of Northern India during the full 

prevalence of the south-west monsoon conditions, i.e., the months of July and August. 

(a) Temperature is lowest at about 5-30 A.M. or very shortly before sunrise. 

(b) It increases slowly until about 2 p.M. and is practically unchanged until 4 P.M, 

(c) It falls moderately from 4 P.M. to 8 P.M. and then very slightly during the 

remainder of the night from 8 P.M. to 5.30 A.M. 

The curves for Jubbulpore and Allahabad in July and August (Fig. 19, Plate XIX, 
and Fig. 13, Plate XXI,) are good examples of this type of variation. 

■ The following table giving the changes of temperature at Allahabad duiing four- 
hourly periods of the day illustrates these features clearly 


Period. 

Change of tempbrature 

AT Allahabad. 

Mean oi July 
and August. 

Howly rale of 
cbansfe. 


0 

e 

Midnight to 4A.U 

— 1-44 

— o'36 

4 A.M. to 8 A.M 

+ 2'52 

+0-63 

8 A.M. to, noon . 

+ 5'34 

+ i’34 

Noon to 4 p.M. ......... 

+0-24 

-I-0-36 

4 r.M. to 8 p.M 

—5-07 

— r27 

8 P.M. to midnight 

-r59- 

—0*40 


(3) The third type of diurnal variation of temperature is that of inland stations in. 
Tropical India during the dry weather period from December to May. The variation at 
these stations in October and November, when frequent rain due to the retreating south- 
west monsoon occurs, belongs rather to the next than the present type. 

The chief features are : — 

(fl) The minimum temperature is recorded about 5-30 A.M. or shortly before 
sunrise. 

( 5 ) Temperature begins to increase at 6 A.M. and increases rapidly from 6 A.M. 
to II A.M. and thence moderately to slightly until the epoch of the maxi- 
mum of the day at about 2-45 PjM. , , 

(c) Temperature falls rapidly from 3 P.M. to 8 P.M,. and thence moderately 
during the remainder of the night. 

The curves of Bellary for the months of January tp May (Plate XLIII, Vol. IX, 
Indian Meteorological Memoirs) are excellent examples of this type of curve. 
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The following table giving four-hourly changes of temperature at Bellary in each of 
these months illustrates the chief features of this type 





ClIANCB OF TEMI’KBATUBP AT 

.... 




Jafiuary. 

Tebruary 

March# 

April 


Alidnight to 4 A.M. . 

• < • • • 

• • 

— 3‘89 

0 

— 4'39 

6 

3 97 

— 4 48 

0 

“ 473 

4 A.M. to 8 A M . 

• t « • • 

• 4 

-P 373 

-P 4'09 

+ 4-51 

4- 4 S3 

4-4?: 

8 A.M. to noon . 

• « • • • 

• 4 


-pJS 84 

-P1492 

4-1387 

4-11 

Noon to 4 r.M. . 

• • • • • 


+ 3'4i 

+ 378 

4-387 

4- 3‘32 

4- S06 

4 r M to 8 r M. 

• • • « • 

• • 

— 1X71 

—ISOS 

— irtg 

—jo'o; 

— S40 

8 r H to midnight . 

• • « • • 


— 6J2 

~ m 

— 714 

— 6'17 

- 6;4 


(4) The fourth type of diurnal variation of temperature is that of stations in the interior 
of the Peninsula during the full influence of the south-west monsoon conditions.' The 
diurnal variation conforms most closely to this type at stations in the northern districts^ 
(r.c., in the Deccan, Berar and tho southern half of the Central Provinces) in the months 
of June to September and in Southern India from September to November or December, 


The chief features are • 

(n) Temperature in its diurnal variation is lowest at about 5-15 A,M. 

(i!') Temperature increases moderately from 6 A.M. to noon and slightly from noon 
to about 2-15 p.M. when the maximum of the day occurs. 

(c) Temperature falls slightly from 2-30 P,M- to 4 P.M., moderately from 4 P.M. to 
8 P.M., and slightly between 8 P.M. and 5 A.M. 

((f) The range of variation is greater at the southern than the northern stations in 
the interior of the Peninsula. 

The curves of Poona for the months of July and August (Plate XXX, Vol. IX, Indian 
Meteorological Memoirs) and of Trichinopoly for October, November and December 
(Plate XLIX, Vol. IX, Indian Meteorological Memoirs) are good examples of this type of 
variation. 

The following gives four-hourly mean changes of temperature during the day at these 
two stations in the months named ; — 


Period. 

CH.^NGE OF TEMPERATUKC AT J 

POOVA 

TRICHinOPOLY. 

July. 

August 

October. 

Noveniber. 


Midnight to 4 A M . 

. 

—086 

— 0 78 

~vSi 

— 1 So 

-rs8 

4 A M. 10 8 A M 
« 

• 

4397 

4348 

4-399 

4-389 

42'32 

8 A M. to noon • • 

• 

44 ‘ 8 » 

4570 

4-7 37 

4651 

4718 

Noon to 4 p M. . . 

• 

— »93 

—174 

— 0-38 

—0 73 

•—0 83 

4 I* M. to 8 P M. • 

• 

— ^4oS 

_ 54 d 

— S83 

— S' 3 t 

—488 

8 p.M. to midnight • • 


—089 

— I’zfi 

— 3*41 

—2 s6 

—3 21 


(5) The fifth type is that which obtains at coast stations when dr 7 'land winds prevail 
steadily or when land and sea breezes alternate. The curves of Kurrachee from October 
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to Februar)- are good examples of the former, and of Bombay in the months of January, 
of February and March, of the latter. 

The chief difference in the two classes of this type is not of form but of ampli- 
tude or range of variation. 

The chief features of this type are as follows : — 

(c) The epoch o^ the minimum is at 6 A. M. 

(i) Temperature , rises rapidly until 1 1 A.M. and thence moderately to slightly 
until 1 P.M. Temperature falls slightly until 2 P.M. and thence rapidly 
until 8 R, M. and very slightly during the remainder of the night. 

The following gives four-hourly changes of temperature during the day in the 
months selected at these two stations ; — 


Period. 

Kurrachee. 

Bomdav. 

October, 

Nerember. 

December, 

January, 

Fcbniary. 

January. 

February, 

March. 



0 

0 

e 





Midnight to 4 A.M. . 

—2-93 

— .T4I 

— 3MO 

— 3.37 

- 275 

—17 

—17 

-« '5 

4 A.M. to 8 A.M. , . 

4-09 

+4-38 

-h2-42 

-hf25 

■ff27 

+i-i 

+ 1*8 

•f2'4 

8 A.M. to noon • 

+ r3->4 

+ 16*89 

-fij'oS 

-hiS’dS 

+ >4'34 

•h8.3 

+8*1 

+ 6-2 

Noon to 4 r.M. . . 

-3‘S5 

— 2*21 

— ros 

+o*o6 

-*0*07 

+ 1’2 

-I-i'o 

-ho-4 

4 r,M. to S F.M. . 


— 9-88 

— 9-66- 

-8'S7 

—8-47 

—Co 

— 6*2 

— S‘3 

8 F.M. to midnight • 

— rSS 

—577 

-5-69 

~4‘8s 

-4'3* 

-3-I 

—30 

— 2’2 


(6) The sixth type is that of the coast stations under the full influence of the south- 
west monsoon conditions and winds. The curves of Bombay for the months of July and 
August (Fig. 10, Plate XXI) are on the whole the best examples of this type. 

The chief features are : — 

(fl) Nearl)' uniform temperature during the whole night from 7 P.M. to 6 A.M. 

(i) Slight rise from 6 A.M. until 2 P.M., the epoch of the maximum. 

(c) Slight fall from 2 P.M, to 7 P.M. 

(rf) Small range or amplitude of variation. 

The following gives four-hourly amounts of change at Bombay for the months of July 
and August in illustration 


Period. 

July. 

August. 


Q 

0 

Midnight to 4 A.M. ....... 

—0*6 

—07 

4 A.M, to 8 A.M. ••••«*• 

+i'i 

+ ri 

8 A.M. to noon ......; 

-h 2'4 • 

-f2-8 

Noon to 4 P.M. • ' . • • • • 

—0*4 

— o'4 

4 r.M. to S F.M. ....... 

—2*3 

-.3.4 

8 F.M. to midnight . , ’ . , « . . 

1 

0 

— 0*4 


The following table gives the mean hourly variations of the temperature throughout 
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• , the day from the mean of the day' during the ' four- seasons'of r.th'e.year for .“the 'four': 

divisions of India, . , ' . '' '' '' ' 

, ■ (i) Tropical Coast, • 

. , ■ • ' ' (2) Tropical Inland; , - ' • • - 

, ' (3) ExtraiTropical Coast and, Assam, 

,(4) Extra-Tropical Inland. . / . " 

■' The data are charted in' Plate XIV, Figs, j to 20, ■ . 

Table XXXV— Giving mean hourly vortalion of temperature in eaclrof-ifoifgppups'of fMioiih-:- 

■. for the four seasons of the year- ' 



• ■•'^he following gives the data showng lh'e proportionale.increase'of', ternpGrature;;jfdr 

■ each hourly '.interval' from '6'A M. :to' 2 ' P Ai;, during which - ternperature- rise's .from' its 
inmithum to its'maxitnum amount. ' The amounts are .expressed .as pi rcentages of .th’^ 
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actual increase of temperature in each hourly period to the total diurnal range for each of 
the four groups of stations ' 


Hour. 

Extra-Tkopicai. India. 

Tropical India. 

Inland. 

Coast* 

Inland. 

Coast. 







% 

% 

% 

c/ 

6 to 7 A.M. . ■ 

• 

• 




• + 9 

+ 7 

+10 

+ 8 

7 to 8 A.M. . 






+17 

+17 

+18 

+17 

8 to 9 A.M. 






+21 

+19 

+21 

+20 

9 to to A.M. . 






+19 

+20 

+ i8 

+19 

lOtOllA.M. 4 






+ >3 

■Ms 

+ 12 

+ 15 

II to Noon. 

4 • 





+ 9 

+ 10 

+ 8 

+ 11 

Noon toa P.M. . 

4 ■ 





+ 6 

7 

+ 6 

+ 7 

I to 2 P M. ' 

« > 





+ 4 

+ 4 

+ 4 

+ 2 


The data are interesting as they show clearly the very slight differences there are 
between the relative increase of temperature during the period from 6 A.M. to 2 P.M. in 
different parts of India. The data in the table are for the mean day of the year.- 


The following table gives corresponding data for each of the four seasons of the 
year: — 

Table XXXVI. 


Hour. 

Colo weather period 
(January and Febru- 
ary), 

Hot weather period 
(March to May). 

South-West monsoon 
PERIOD (June to Sep- 
tember). 

Retreating South-West 
MONSOOH period (OCl- 
OBER TO December). 

•d 

c 

*5 

1 

‘0. 

o 

H 

M 

rt 

t 3 

s 

a. 

0 • 

tJ 

e 

n 

*3 

u 

*0. 

0 

td 

VI 

a* 

3 

a. 

0 

H 

& 

K 

bl 

ti 

c 

.5 

*c 

1 

a. 

2 
t- 

1 

0 

u 

a 

u 

* 5 . 

2 

H 

TI 

B 

*«3 

a. 

0 

& 

td 

(3 

s 

Q. 

0 

s 

M 

w 

V 

C 

*c 3 

u 

’q. 

0 

H 

lA 

n 

6 

"rt 

*0. 

•d 

c 

n 

*5 

*« 

u 

’B. 

0 

a 

■K 

5 

3 

0. 

0 

H 

A 

(d 

T? 

B 

B 

.3 

5 . 

0 

i 4 

i 3 

"rt 

‘b. 

0 

H 

c 

3 

O. 

0 

rf 

K 

Id 

«n 

rt 

6 

"rt 

u 

'a 

e 

t 7 

S 

K 

Id 



% 


% 

% 

% 

% 

% 

% 

% 

% 

■% 

% 

% 

% 

% 

% 

6 to 7 A.M. . 

• 

+ 8 

+ 8 

+ s 

+ 3 

+ 11 

+ 14 

+ 11 

+ 9 

+ 10 

+ 18 

+ IX- 

+ 11 

+ 12 

+ 13 

+ 8 

+ 7 

7 ta S A.M. . 


+ 18 

+ 18 

•*H 5 

+ 12 

+18 

+ 20 

■RlS 

+ 16 

+ 17 

+ 20 

+ 17 

+ 17 

+ 20 

+ 2 X 

+ x8 

+ 15 

8 to 9 A.M. • 


+ 21 


+ 21 

+19 

+20 

+ 20 

+ 20 

+ 19 

+ 19 

+ 20 

+19 

+ 20 

+ 23 

+ 22 

+ 22 

+ 20 

9 to 10 A.M. « 


+19 

+19 

+21 

+ 21 

+17 

+17 

+ 17 

+ 19 

+ lS 

+ >7 

+ x6 

+ 18 

+ 19 

+ iS 

+ 20 

+ 20 

to to 1 1 A.M. • 


+13 

+15 

+ 15 

+ 18 

+ 12 

+ 12 

+ 12 

+14 

+14 

+ 13 

+ 13 

+ 14 

+ 11 

+ 13 

+14 

+16 

11 to noon . • 


+ 7 

+10 

wm 

+ 13 

+ 8 

+ 8 

+ 7 

+10 

+ 10 

+ S 

+ 9 

+ 9 

+ 6 

+ 8 

+ 8 

+ n 

Noon to I P.M. ♦ 


+ s 

+ 6 

H 

+ 8 

+ 8 

+ 4 

+ 6 

+ 7 

+ 7 

+ 4 

+ 7 

+ 5 

+ 4 

+ 4 

+ 6 

+ 7 

1 to 2 P.M. 


-P s 

+ 3 

H 

+ 5 

+ 4 

f 1 

+ 4 

+ 4 

+ 3 

+ 1 

+ s 

+ 2 

+ 3 

+ I 

+ 4 

+ 3 


The data confirm the tesults of the preceding table. They indicate that on the average, 
about 80 per cent, of the increase of temperature in the diurnal variation occurs between 
7 A.M. and noon, and that the maximum rate of increase is between 8 ,A.M. and 9 A.M., 
during which hourly interval it ranges in actual amount between 6°*in the interior during 
the hot season and 1° in the dampest coast districts during the south-west monsoon. 




DISCUSSION OF THE RESULfS-OF'-THE HOURLY OBSERVATIONS 


IV.—Constm'its of tlio harmonic formulcc dr Besselian resoin-, 
tion to four terms. (A) First Component, .{i) .Z?<r/«;-^The fol!o\nng table; 
gives a summary of the more important' data .of the.epbchs of the mriximum and minimum . 
values and of the amplitudes of the first component qf.'the harmonic formulae representing,, 
the diurnal variation of temperature at twenty-seven stations in India • ; ' , ' > ' • 



TricWnopoly • 
Bdlary . 

Setgaum # 
Poona. . • 

Nagpur ^ 
PacUmathl ^HUU) 
Mean 

CbUtagong • 

I Calcutta .* 
Kurracbec • 
Cuttack • 
Dhubri . • 

SIbsagar • 

' Mean 

Patoa . • 

Hazaribagb . 
Allahabatl • ‘ 

Jubbulpore « 
LueVtiw-, , 

Agra, ■ • 

Jaipur , . , 

Roorkee ^ • ' 

D&tsa , « ’ ' 

Lahbre . ’ , » ; 

teh . . . , ' 


Table XXXVII; . ■ 


ADSOLUTE maximum AKP MIKIMUM DUEINO THE YEAR, 


U A 


*- S >> o => 
■® E « S*e) ^ 

s 

sg-a. 


J«nuary 333 5 14 3’ 3778 July. . S43 3J 

February 337 18 14 Si V660 „ ,, . 343 51. 

October 343 17 13 S' t '349 January 334 o 

February 325 10 14 59 3'3iS August . 250 19 


23' 43 1 H 33 


10734 February 233 S 7 '5 4 
11*980 „ 331 4 IS lb 


1 1*980 „ 

I3*Cs« „ 234 19 14 33 

14*313 March . 334 6 is 4 
13*760 „ 336 Id 14 SS 

lo*S2s January 339 13 '4 J- 


13*21 1 



BSBIISISI 

S*S4S , 

S3I '9 

■536’ 39 

i4 13 

's* 6S4. 

330 18 

242 to 

lii , SI 

5*558 

'233,18 

243i 31- 

73' 46 

.7*028 

'233 55 

242' SS 

iS 43 1 

7*aiS , 

233 t4 

\'s25' 52 

14 S7 1 

5*979 

223' 10 

1 2*4- 13^ 

15.43' 

'6*537 

221 rS 

BfBi 

14 23 j 

6*334' 

2?9 12 
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(2) Amplitude . — The mean or, annual values of the amplitude of the first component 
vary considerably in amount in different parts of India, depending chiefly upon the laU- 
tude of the place and its distance from the sea, and follow very closely the corresponding 
variations in the mean annual range of temperature. 

The mean annual value of the amplitude of the first component is less than 7° for the 
coast and the Assam stations, and is more than 10° for the stations in North-Western 
and Central India (Jubbulpore, Jaipur, Deesa, Lucknow, Roorkee and Lahore), and 
between 7° and 10° for the intermediate stations. The total amplitude of variation is of 
course double of these amounts and ranges between 7°‘9 at Bombay and io°'2 at 
Trivandrum and 22°'4 at Deesa and 21° at Roorkee, Lahore, Lucknow and Jaipur. 

The monthly values of the amplitude of the first component of the diurnal variation 
of temperature ( Ui) have one maximum and minimum in the course of the year for the 
greater part of India, including Burma, Assam, Bengal, Bihar, Chota Nagpur, Orissa and 
the Peninsula (excepting the extreme south so far as it is represented by Trichtpopoly.) 
They have, on the other hand, - two maxima and minima values in the North-Western 
Provinces, Rajputana, the Punjab, Sind, Central India and the northern half of the Central 
Provinces, or at all stations to the north of the Vindhyas and west of the province of Bihar. 

The minimum monthly values of U, occur in July or August over nearly the whole of 
India and the maximum monthly values in the dry monsoon in November in North- 
Western India, from January to March in North-Eastern and Southern India and in 
April in the area represented hy the stations of Agra, Allahabad and Hazaribagh. The 
months of minimum values of Uj correspond with the months of smallest range, and, for 
maximum with the greatest range of temperature. These two epochs correspond chiefly to 
the contrast at each station between the driest and dampest periods, and hence to the 
character of the prevailing winds, and are not solely related to the intensity of solar 
radiation. 

Over the greater part of India, including all India except North-Western and 
Southern India, the general march of the weather of the wet and dry seasons is similar. 
It is interrupted locally in North-Western India by a period of occasional cloudy and 
showery weather from. December or January lo March, and in Southern India by a more 
or less cloudy weather with much rain during November or December. 

In the first area the effect is to displace the absolute maximum to November, the 
driest and least cloudy month, and to give a very feeble secondary minimum in January 
or February and a secondary maximum in March or April. 

A reference to Plates X and XI will show that this feature is very faintly exhibited 
in the curves representing the mean annual variation of temperature of all the stations in 
North-Western India. It is very clearly shpwn in Fig. 1 1, Plate LXV, giving the annual 
variation of U, for Lahore. 

In Southern India (more especially the central districts as represented by Trichinopoly) 
the absolute minimum is in December, a period of heavy and general rainfall in that part 
of India, and the absolute maximum is in February, a month of low humidity and also of 
the least influence of the neighbouring seas. The secondary minimum is fairly well marked, 
occurring at the commencemeiit of the rainy season in June when Southern India receives 
a moderate and fairly general burst of rain. *The secondary maximum is in September, just 
before the retreating south-west monsoon begins to give general rain in the Peninsula. 
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^ ■ , . . '.I'-' •’ 

The double variation is distinctly shown in the - curve giving - the, annual, 
diurnal range of temperature at Trichinopoly, {vidc’.Vxg. lo,, Plate XHiy.C. / 

The following table gives the greatest and least monthly values of l/i for ; (ioinpl'rij;’ 

^ ^ ' v . ■ '/ ‘ \ I'. ■ 

Table XXXVIII. ’ ’ ' ' ■■ " 



• 

Station 


' 



Maximum' 
monthly value 
■ -oiUj. \ 

Minimum' 
monthly value 
0lWf 

/ Ratio of 
• maximum toV 
‘ , minimum ' 
value of U|, ; 

Sibsagar 






- • 

9°39 : 


• ' ' ■ ’ o'' 

. . '. 2‘0 

Goalpara 

• 


• 




,, 8 - 86 . '■ 

S'oz 


Dhubrl . 

« 

• 





97 L- 


'■ ■■ ':'3Vr!-, 

Hazaribagh 







.UO ’62 


! S's’j-;''- 

Patna . 




• 



11 -96 ," 

3 * 46 . 


AUababad 




« 



14 ‘i 8 

' 4‘07 - 

"I 

3o " 

Luefcnow 

• 






' . ‘3'93 „ 

4‘8i •' ‘ 


Agra' 

• 






'■ t2'35 ' 

,4'S3 , 


Rootbee . 

f 

1 




' 

' 1374 

' S‘ 04 ; 


Lahore . 

• 





• 

«3‘S9 

. ; 6 -aS ; 


Chittagong 


• 



’ * 

* 

- '1/54 


‘’i- 

OuttcLck • 





• 

« 

10 * 21 ' 

’ ’3'47 , •• 


Jubbulporo 

« 

« 


0 



13’55 • ' 

'’3‘9o’. 

,• if/] 

Nagpur . 

• 

• 




• 

1*76 

4'04.. ' , 

: 3-2; .. 

Bclgaum 

« 



•• 


• 

, 12‘<>6 

275 

■ ../o'-; 

Deesa • 

• 



• 


« 

lOb 

-'.. 4 '!X> 

- ..'s-s'; ' ; 

Poona . . 

• 



» 



.I4'3t' ' 

3’73 

''-ys. ' 

BcIIary . 

« 



• 

• 


n’93.' ., 

6’02 

■' ' 

Rangoon . 

• 




• 



•; . 2 ‘ 33 1 

I “ L' • / . 

Jaipar . 







. '379 ' 

' ' S'37 ' ■ . 

a;6 


(3) Epochs of the maximum and minimum phases. — The more important feafures 
the epochs of the maximum and minimum phases of the first: xomponent .of: tho idiufhal'fc 
variation of temperature on the mea.n day of the year are as follows ri . Vr\.i- 'K,.V' f 

(1) The mean epoch of the maximum pf - the first component ih , Extra- Tro'picay^^^^^ 

India Inland is 2-45 p.M* and in Tropical Inland.is 2-36 ,P.M^.' U is.hencei'- 
almost identical with the corresponding epoch of. the cpmpiete‘' oscillation.",; 
. It ranges between 2-22 ' p.m. at /Hazaribagh . and, 3-2 p.'m.: at. iDeesa and.^ 
" (perhaps) 3-7 P.M. at Agra. '■ ' • -V' 

(2) ;it -is '.slightly -earlier at - the,. coast' stations, .than at. the inland statipnVv.jrisii: 

-actually latest in the Assam, Valley where .the distribution of cloud follotrsa'-} 
different law from the. remainder pf India." - A reference to the cl.oud.'cuWds^: 
in Plates XLI and XLIII-will shovy that while the maximumiamourit of cioudj.-; 
occurs in the afternoon hours generally in lndiaj k is in the , morning Ihbursi-^ 

in .Assam, where also.the.-.cloud. proportion gradually decreases, during "the-";, 

afternoon; ' ' ‘ ' ...... . 
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It hence follows that the first component gives the most important features of the 
diurnal variation of temperature due to the'sun's heating action and that its maximum 
corresponds very closely to that of the maximum of the complete variation but is at 
most stations a few minutes later. The following gives a few examples for the mean day 
of the year : — 


Station. 

Epoch of 
fpaximum of first 
component 

(a). 

Epoch of 
ntatimum of 
complete variation 

(S). 

Difference 
, (a;— (6), 







H. 

M 

. H. 

M. 

M 

Patna 






«4 

56 

14 

44 

12 

Allahabad 






. 

32 

14 

23 

9 

Agra 


• 




IS 

7 

IS 

3 

4 

Roorkee . 


• • 


• 


14 

52 

14 

■34 

18 

Lahore . 


• • 




14 

44 

14 

36 

8 

Deesa . 


« • 




13 

2 

14 

56 

6 


In Northern India the epoch of the maximum of the first component is, as a rule, 
earliest in the day in October and November when skies are most serene and free from cloud 
and latest in January and February in both of which months there is much cloud. The 
range of variation during the year of the monthly epochs of the maximum of this com- 
ponent average approximately one hour. 

(B) Second Component. — (/) Data . — The following table gives a summary of 
the most important data of the epochs of the maxima and minima phases and of the ampli- 
tudes of the second component at 27 stations in India : — 


Table XXXIX. 


Akea. 

Station. 


AnSOtUTE MAXIMUM AND MINIMUM 

DURING THE YEAR. 


Year. 

0 

3 

2 

S 

■ 3 . 

.§5 

W 

3 

U 

U 

0 

0 

X « 

(j 

B C 

^ 0 
tcx 
c 

5.2 s 

0 g-g, 

-gi"- 

li! 

-0 « s 

w“ 

0 

9 

*3 

> 

B 

'.y 

Month of occur- 
rence. 

bex 

0*0 r 

Q. » 

V> t) V 

0 rtX 

f 5 >°- 

He 

-S.E"-' 

0 E rt 
*0 0 S 

w 

Value of Vq for 
the mean day 
of the year. 

g ° S' 

S-o s 
i- 5 -s 

Corresponding 
epoch (A.M. 
and p.M.) 




0 


• / 

H. M. 

P 


0 

f 

,H. M. 

e 

e « 

H. M. 

t 

Trivandrum • 


• J’S 20 

February 

78 49 

0 22 

0*979 

July 

78 

4 * 

0 23 

1*354 

Sa 46 

0 14 

cn ' J 

< 1 

0 1 

Bombay . • 


■ \•^^o 

January 

52 7 

I 16 

0*640 

» • 

63 

2 

0 44 

1*230 

57 15 

' 5 

U / 

Aden • • 


1-638 

October 

TOO 33 

<i 39 

0-381 

»» • 

94 

3 * 

11 5* 

0-852 

77 6, 

0 26 

^ \ 
0 1 

B* 1 

Rangoon . 


3-989 

February 

46 38 

I 27 

0*909 

August . 

81 

47 

0 16 

2*079 

59 59 

X 0 

a£ 1 

H V 

Mean 


' 2'304 


69 32 


0*727 


80 

45 


**379 

69 17 

0 41 


Trichinopoly • 


Q9 

May 

44 30 

I 31 

**509 

November 

76 

59 

0 26 

1*918 

50 30 

I 19 


Bellary . • 



February 

46 13 

I 28 

I -563 

June 

43 

42 

1 33 

2-026 

S 3 37 

1 15 

z 

< 

Belgaum • 


3-839 

April *. 

68 5 

0 44 

I'i 35 

August • 

67 

44 

0 45 

2-379 

66 59 

0 46 


Poona • • 

• 

3-362 

February 

55 47 

1 8 

I*2« 

July . 

78 

52 

0 22 

2-409 

67 48 

0 44 


Nagpur , • 


■2-972 

December 

53 .12 

i 14 

0*943 

• » • 

70 

48 

0 38 

2*o8i 

61 35 

0 57 

1 

Pachmarhi Hills 

• 

2709 

i» 


0 33 

0*522 

August • 

69 

SO 

0 40 

1*655 

67 b? 

0 45 

■ 

Mean 

« 

2-995 


■56 55 


1*152 


57 

59 


’ 2*078 

61 11 

0 58 
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, , ■* ■’ Table XXXIX4rfr«fW.. .'f: '' . ' 


Abba. 


u , 

m3 A 
< < 
HiS/ 

« Q I 


■ ■ . I , 

Station, 

Absolute maximum and'minimum ourino the tear, ' 



' Y«.vr,, 


c 

s 

-a 

> 

£ . 

3 

! ■ 

0 . 

ts a 

Q U 

S 

■ 

0 E V 

•5 si 

' *> 
a 

?'■ 

E 

» >% 
S.'S 

Cto., 

0 

cS 

s 

a ' 

0 

*3 

■si' 

1 C 0 

0 0 

' S “ 

. -o 

u-S 

C s t 

•B ^ 

§ 0 = 

K SJ « 
rS n . 

0 > Of 

0 - 

'ig-E. 

•i 1 

0 B rj 

its 

42 S'.' 

C. 

e c 

w § >» 

. 0 c 0 

s 0 , 

^*£'5 

* 

C " f 

"I-s'a 

111 

J* 

53* ^ 

>3 ' 

■ 

hi * 



e 


0 

/ 

11. M. 

1 0 


9 / 

H. M. 

. 9 ' 

"0,- / 

li M. 

ChUtagonff , 


3-015 

February 

C4 

=7 

0 5* 

0*730 

June . 

89 >3 

0 '2 

i'/Cs 

73 . 12 

0 34 

Calcutta • 


2-427 

January 

34 

SO 

1 SO 

o'C63 

Ju'r 

78 41 

.0 23. 

-i 4C7 

49' -V 

' l ' 32 

Kurraclice • 


3'564 

November 


3' 

0 37 

1*051 

A»EuW . 

65 57 

0 4S 

2-346 

69, 1 

..0," 42 

Cuttack , 


3'*4S 

April 

47 

7 

I 2C 

I’oiS 

September 

S2 40 

•0 ,15 

a’iSC 

53^ 


Dhubti . • 

• 

2*400 

, February 

33 

43 

1 42 

0'437 

July , . 

74 3 

0 32 

I ■506 

.44 '12 

■' 1 '32, 

Sibsagar « 


2'fi33 

December 

36 

43 

1 46 

o*S6S 

it • 

28 13 

\ 

l-jGS 

39 14 

_.;42 

Mean 


2 'S 0 j 

f 

4S. 

50 


0 7P5 

■ 

69, 47 


j-SeC 

54^ 


Patna . 


3-SSl 

Oeqembcf 

SO 

20 

1 t 

o’037 

August ♦ 

59 .32 

1 1 

■ 1-935 

‘60 7' 


Ha^arjbagb < 


2'779 

January 

S4 

23 

t 11 

o'poS 

i» • 

>3 52 

0 ,33 


,65 51 

P.-48 

AUababad ♦ 


4-330 

December 

S3 

tC 

> '3 

o’973 

July 

56 10 

■ f 1 


5C $G' 

* 

Jubbulpore . 


3*453 

*> 

S4 

39 

1 I( 

0-919 

t» * 

4S 0 

1 30 

2*219' 

59 43' 


Lucknoiv . 


4*144 


5^ 

25 

1 3 

1-035 

» • 

43 SS 

' t 22 

2’4SS 

57 45 

t 4 

Agra . . 


3'!)Si 

cr 

48 

2S 

I 73 

0-943 

»» ■* > 

SS '48 

1 .8 

. 2-447 

SI iS 

.-1^. 

Jaipur • • 


4‘S12 

Dflccmbcf 

53 

36 

1 13 

I'lOS 

)> • 

S6 10 

1 8 

, 2-'sO® 

57 ' 6 


Roorkee • 


3W7 

November 

SO 

53 

1 0 

0-790 

i> » 

33 . 19 

r 43’ 

>-383 

57' .18 

I ;S 

Deesa . • 


4'I3S 

December 

63 

33 

0 43 

0*021 

»» * . * 

4* 79 

1 37 

2-458 

05 54 

•; o"_^4S 

Lahore • « 


4'S9i 

November 

55 

12 

T 10 

1-290 

» • 

so 4 

7 8 

2-570 

52 45 

1 "15 

Lch S 


3'43i 

... 

Co 

18 

0 59 


June 

Co 33 

0.-59 

' 2-057' 

O2 11 

0 .sO, 

t- ~ 

Mean 

■ 

3S15 

■■ 

■ 

9 

■ 

vo'^0 

'' 

53 4O 


2*420 

58^ 47 



(2) Amplitude .- — The more noteworthy features of the amplitude of this component . 
are as follows : — ' ' , ' ' -v. ' ■ 

(1) The amplitude of the second component increases slightly on proceeding from, : 

the coast to the interior in Northern India and is actually largest' at • Allaha*' . 
bad. It is practically uniform in the Penipsula, except in the -Deccan ^vhere; ; 
it is slightly larger than in the coast districts! It averages ^ 2°’4 for ,Extra:‘i 
Tropical India, and is very approximately pncrfourth of the amplitude ofthe ■ 
first component. - , ' - 

(2) The ratio of the amplitude of the second cdihponent to that of.ihe first varies 

. . to some extent throughout the year. The ratio is least in the rains when it;, 
averages , one-sixth and greatest in the cold \yeather when it is - about -one-’ 
'third.' ■ . ’ ■' ' . - • ■, ^ ^ •_ 

(3) component) relatively to,, the first, is'most importantin dry weather . 

1 ; and least important in , humid rainy, weather. ■ It is also generally, '-more 

,, important or of relatively larger amoupt at stations on' the' coast. than at'. 
. stations in the., interior. . 'The. ■ monthly values .are, as -a ' rule, greatest' ip ■ 

November and December and least, in July and August.' 
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RECORDED AT ig STATIONS IN INDIA.' 

(4) The monthly values of the amplitude of the second component have a single 
rrtiximum ‘ and minimum for all stations in Northern and Central India and 
the Central Provinces, with the eJiception of the Assam "stations and per- 
haps Kurrachee arid Allahabad. It is noteworthy that all stations in North- 
Western and Central India which have two maxima and minima values of 
the' amplitude of the first component have only one 'rhaximum and mini- 
mum for the second component. 

{5) The monthly values of the amplitude of the second component have two (and 
in one case three) maxima and minima values in the course of the year 
at the Assam and Central and South Peninsular stations at all of which sta- 
tions the monthly values of the amplitude of the first component have only 
one value. There is hence in this feature a marked contrast between the 
first and second components. 

(6) The ratio of the maximum to the minimum value varies considerably from 
station to station, ranging in Northern India between 3'i at Hazaribagh 
and 5‘i at Roorkee. The relative variation is, as a rule, greater at the 
inland than at the coast stations. 

{7)' The mohthly values of the ratio of the amplitude of the second component to 
that" of the first component (i.c., U,/U,) are fairly constant at each station 
. throughout' the year. An important feature is that this ratio is greatest 
• for the coast stations _ (averaging *31) and decreases into the interior 
and is least for. stations in Upper India, more especially the following > 
Roorkee ('23), Bellary (*23), Nagpur (’22), Jubbulpore ('22), and Deesa 
(•22). -This list of stations suggests that distance from the sea coast is an 
important factor in modifying this ratio. 

1(8) The ratio of U,/U, for the Assam stations is the same as for Lahore and Agra, 
and hence it does not depend upon humidity. This is confirmed by examina- 
tion of the monthly values of the ratios of U, to U,. 

(3) Maximum and minimum epochs of the second component . — The following are the 
more "important features of this element of the second component : — 

"(i) The epoch of the second maximum phase on the mean day of the year in 
Extra-Tropical India Inland is 1-2 P.M. and the range of variation 29 
minutes. The epoch is earliest at Deesa and Hazaribagh (0-48 P.M.) and 
latest at Lahore (1-15 P.M.) and perhaps Agra (1-17 P.M.). 

(2) The mean epoch of the second maximum phase in Tropical India Inland is 

0-58 P.M.,- and is hence a few minutes earlier than in Extra-Tropical India' 
Inland. It is_ earliest at Poona- (0-44 P.M.) and latest ait Trichinopoly 
(1-19 P.M.). 

(3) The maximum, epochs are iri Northern India generally latest in the cold- 

weather month of January or in the rainy season months (June to August). 
They are earliest in the -hot-weather months of April and or in October. 
In Tropical India the epochs of the maximum are as a rule earliest in the 
rains and latest in the dry months of January and February, The range 
• of variation for each station averages about one hour. 
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DISCUSSION OF the RESULTS OF THE HOURLY OBSERVATIONS 

1 

The second component has two maxima values during the day at about i A/M. and 
I P.M. and two minima values at 7 a'.M. and ^ P.M. The effect of the combination 
this with that of the first component is to increase the mid-day temperature, to slightly 
displace the maximum towards noon and the minimum towards the' early morning, to 
increase the rise of temperature between 6 A.M. and 1 P.M, and the fall from' i P.M. to 
6 P.M. and to diminish the fall during the night hours. It tends to give , increased vari-. 
ation by day and diminished by night, and the combination of the two gives'a curve differ- 
ing very slightly from the actual curve of total variation. v 

(C). Third Component. — {i) Data. — The following table gives a summary 
of the more important data of the epochs of the maximum and minimum and of the ampli-, 
tudes of the third component at 27 stations in India : — • f 



Table XL. 


Absolute maximum and minimum uurihg the yeak* 


Trivandrum 

Bombay* 

Aden • 
Rangoon 


Ttichmopoly • 
Bcilary • * 

Belgaum • 
Poona • « 

Nagpur . • 

Pachmarhi Hilts 


^ Chittagong 
CaicuUa . 
Kurrachce 
Cuttack . 
Dhubti . 
j Sibsagar ^ 





31 4G 9 iS 

4 30 9 54 

33 15 

2 59 9 55 

31 a 9 19 

34 IS ' 9 IS 


Fjibruary 30339 1115 o |43 
April SI 31 8 SI o(8a 

December 303 41 it ,5 o’loo 

January 327 10 10 44 o'lOo 
April 30 58 9 19 o‘040 

May 53 39 8 so o-i3lI 



T3 t 

§*15* 

^ s . 

»2 

. ■*» 

V 

2 •' t 

.'8 

y S 
& 

Om «« 

*3 c C 

rg” 

i ’1 

c 0 jr* c 

iSe 

iH 

.c’o B 

W C s 

3 iJ 

^ 0 H < 

t-il 

:U 


^5 0 

,5^0, 




9 13 o'3S3 JO S 9 30 
7 35 o'503 17 31 9 37 


o'S3§ 17 31 I ' 9 37 


0E18 3337 0 3 ° 


6 9 44 o-2So 337 33 10 30 

8 9 47 0*333 SO 45 0 *0 

13 9 S3 0*391 350 15 to 53 

8 8 49 '0*133 13 o 9 43 

8 D 0*104 iS 42 ’9 38 
<>•'77 SS SO ; 8 47 


0*33, 1 28 40 9 49 
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Table yLh—conctd. 


Area, 

Station, 


Absolute Mamuum and uiKtuuti dubing the yEAB 


Year. 

s 

•s 

> 

B 

B A 
.§=> 

&'o 

MS 

Month ot occur* 
reoce* 

.5* 

4 

0 ® p 

tn 

^ «1.c 
^o>c 

•o.i. 

0 s ^ 

C 3 ® 

Pi 

0 

a 

2 

E 

a A 

5*4.,' 
i2t 0. 

•<; 

i 

0 

jg 

c 

C 0 « 

S. =* 

K* 0 

S 

0 2*0. 

0 

» 

S-i=i 

ti 6 «« 

Oa 0 

111 
o-rt E 

S'” '■* 

0 4» ^ 

B S 
*> :5 

s 

tc^ 

5 ^ 

0 ® p 
wO 0 

u§*3 

C U 

1.2 E 

0 0 3 

c*S*i • 

aiii' 




0 


e * 

H.M. 

c 



H.M. 

• 

0 / 

H.M. 

I 

Patna . • 


o’90o 

April 

30 I 

0 ao 

o*2\7 

September 

50 26 

s 54 

0-498 

18 0 

0 35 


Haranbagh « 



.. 

5S 49 

9 aO 

‘0*191 


45 55 

9 3 

0-642 

27 48 

9 =3 


Allahabad , 


1*503 

ft 

as la 

0 37 

O'ttSs 

October 

50 34 

9 33 

0*4 1 a 

14 3 

9 41 

z 

Jubbulpore . 


1*302 

- 

7 30 

0 50 

0*139 

Au(;uit 

59 45 

S 40 

0-591 

4 51 

9 54 

£ 

LucUdotv , 


V477 

« ■ 

3S iS 

9 3i 

o-jog 


34 54 

0 57 

077S 

37 33 

9 23 

- 0 

Acu . 


1*301 

n 

ta z6 

9 43 

0*264 

.. 

54 37 

9 27 

0-632 

10 50 

9 44 

ft. / 

0 \ 

es 

Jaipur . . 


174: 

.. 

33 ao 

9 2D 

0^241 

« 

41 38 

9 4 

0-913 

24 36 

9 57 

H 

t 

Rccfkec • • 

» 

1*330 

ft 

23 a? 

9 2S 

o' 45 i 

Soptember 

43 19 

9 3 

0*521 

3 IS 

9 56 


Dc«S 3 . • . 

• 


November 

3 J5 

9 55 

o*ojo 

July 

53 S 

S 49 

0-79S 

12 iS 

9 44 


Lafcorc . . 

• 

rifi? 

^ray 

24 47 

9 77 

0-371 

.. 

37 *5 

9 54 

0-536 

S 35 

9 49 


Lch , 


o*^>o 

June 

5<> 57 

S 44 

0-134 

December 

3J9 34 

II 54 

0*410 

4658 

8 SS 

■1 

Mea.n 


1*330 


7J 47 


c-ajfi 


Bl 17 


0-615 

18 5 

9 36 


(2) Amplitude , — 'The amplitude of the third component of the variation of tempera- 
ture of the mean day of the year is small in amount compared with those of tlje first and 
second components. It is very small for stations on and near the sea coast and in 
Assam, averaging 0*22®, and ranges between 0*3“ and.o'9® for stations in the interior of 
India. 

The monthly values of the amplitude of the third component vary very largely 
and somewhat irregularly. As a rule, they are largest in the hot we.alher months of 
March, April and May and are sm.allest in the rainy months, chiefly in July and August. 
The chief feature is the very great contrast between the maximum and minimum values of 
the amplitude in many cases. Tlic following gives a few examples : — 


Station. 

Maximum 
»aluf of 

\jy 

Month 

of 

occurrence. 

I Mlninium 

value of 

I u.. 

{ 

Month 

of 

occurrence. 

Calcutl.-v . 

• • 

. 

. 

W49S 

April . 

o-'iSa 

August 

AJIahnbad . 

• « 

• « * 

• 

‘'SI'S 

April > 

0-085 

October 

Dceta 

• • 

« « « 

« « 

1-440 

November 

0050 

July . . 

ndgaum . 



• • 

1-555 

Febtujry 

0‘0jl 

August , 

Tric!itr.opo!y • 

• t 

« * * 

• 

0-741 

.March . 

o'oS6 

October . 

Rangoon « 

• • 

* • • 

• * 

o*S74 

M.irch . 

0-058 

June . 

N.agpur . 

• • 


• • 

••43S 

Apiil . . 

o'sjS 

June , . 
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DISCUSSION OF THE RESULTS’ 'of THE HOURLY. OBVER'yATIONS •: 

(3) Epochs of ^ the maximum and minwtuvt. values . — These -vary- -somewhat from, 
station to station for the mean dayof the yearaS shown' by the following table:— 



Station. 


1 . 


Mean value of . 

. ua , ■ 

|\jcan epoch' 

. ; of secant! ■ 

maximum , 
of day. ' 







0 ‘ 

1 

;'.aV;- m.’ 

Calcutta . 

» • 





' .*0 

45 ' - 

'V9’ ,'20 

Allahabad 

« « 




• 

,J4; 

2 

' ' 9. ■ 41 . 

Laliorc . * 

• 




• 

S'- 

35 

"9 ' '48 

Deesa 





• 

' . 12 

18 

9 ; 44 

Jaipur 

• < 

' 



• 

24 •- 

3'G 

.9 2; 

Nagpur . • 

« • 

« 

* 


• 

, '? 

.21 

/, 9. ..37 , 

Belgaum . 

• * 

* 


• 

• 

29 . 

45 

' '9 20 

Trichinopoly • 

• « 




• 

• 30 

8 ■■ 

9 ' 20 ' 

Rangoon . . 

« • 

• 

• 

* 

• 

3'8' 

'■23 • 

10 • sfi- • 

RoOrUee . • 

• 

• 

• 



3 

,iS 

■ 9 53’ 

Sibsagar . « 

* * 

• 

• 

• 

• 

5S ■ 

50 ' 

8 46 ■; 


It may be noted that there are three maximum epochs of the day at’ eight hours*' 
intervals. .V.'v'f,! 

The epochs of the maximum and minimum values vary very largely from month to . 
month and the range in the time of occurrence of, the epochs, as; estimated from.uthe- 
monthly values, is, in some cases, as large as three or even four hours. 

(D). Fourth Coniimneilt, — (1) Data.~'T\^& following table, gives a summary; 
of the more important data of the epochs of the maximum and minimum phases and of ; 
the amplifudes of the fourth component at stations in India : — , 


Table KLI. 







YR.^R. 



’ Ye,\r. 

‘'z t 

Abba. 

Station. 

s 

*« 

B 

S'o 

Month of occur- 
rence. 

tc.a 

E 

'•V , 

c 0 4 - 
0 9 
&0 « 
£1.2 rt 

k. f3.£: 

opo. 

•sj 

ri 

• *0 0 

as 

u: 

0 

9 

> 

J 5 

0 

•dS ' 

Month of occur- 
rence. 

fci-c 
.E ' 

'9 u. . 

c 0 — 
C. “ 

= -,a. 

i E 

■ «.i 

M.‘C 

°-E 

■58 

t; ■ 

k 

«S 

X'® -* 

SJ c s 

....MW 

V 

.2 

. . 0 

• 

E j 

^ w « 
'§« = 
N&l) V 

'§ 

Corresponding 
epoch. • 



0 • 


0 , / 

n. M; 

« 



'H. M. 

0 ^ 

0 i 

H. Ml 

' t- J 

Ui 1 

Trivandrum 

' 

. o' 40 S 

January , 
and 

March • « 

226 0 

238 10 

3 44 

.3 4= 

- 

1 0-333 

July. 

■ 1 

247 59 

3 22 

0*205 

544-33 

,’3 =6 

U I 

*J } 

Bomhay .. 

O*4'o 

MaTCh\ ^ , 

tSo 3 

3 20 

% 

' o'oSo 

»» * 

290 . 2 

2 40 

> 0 * 3 fo 

560 31 , 

,3 to 

- \ 

Aden , 

0*453 

October 

223 *3 

3 47 

' 0*1T4 

May, 

'=54 45 

'3 *5 

. 0 -T 39 

213 * 

3 si 

0 1 

1 

Rangoon , , 

0727 

January. ♦ 

211 ZO 

3 58 

0*070 

July ., 

270. 0. 

' 

3 p 

0*333 

221 21 

' 3 49 


Mean 

.’o '405 


329 13 


0'122 

mm 

265 43 

,■ ... 

0’332 

234 4S 

, 3 , 38 
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Table XLI— whcW. 





Adsoluth 

MANIMUM And MtKUIUM DURING THE 

VKAR. 


Year. 

Area. 

• Station. 

0 

Z 3 

2 

E 

s^ , 

S'o 

p 

U ' 

'0 , 

p 

trZ 

C •* 

4 

c 0 3 

c^s 

ti 

'0 

.c 

0. 

Ui 

E 

0 

§ 

H 

a 

E 

0 

3 

«* 

a 

ti 

> 

E 

9 • 

.Sd 

c 

^ 0 

•c 

B 

8 

*0 

id 

c c 

0 

a 

•S 

c 0 ^ 

0 9 

|IS 

U (4 .C 

( 3 '“- 

i. E 

rt E 
'o!i 

.9 ^ 
w ij 

tS^ 

ii? 

4 , >5 

z 

0 

0 

c ** 

’'SfcM . 

c 0 «• 

0 9 

S*o 51 

SbH rt 
tn rz^ 

0..0. 

.E 

'5 

c 

0 

Is 

6“ 



e 


0 t 

H. 

M. 

0 


e f 

H. M. 

0 

D / 

H. M. 

■ e 

Tnchtnopftly 

1 Deihry * • 

fSSl 

February’ , 

220 49 

3 

Al 

0 ' 5 Cj 

July . . 

553 31 

3 40 

o '395 

232 15 

3 38 

0 -CS 9 

January , 

210 A 

4 

0 

0*202 

»» • • 

2GI 2S 

3 9 

0-423 

523 49 

3 4 * 

< 


Vt 04 

»t • 

222 4 

3 

43 

0*143 

August 

54 S 13 

3 55 

0-341 

235 19 

3 34 


Poena • 

I'Oj'} 

11 • 

205 s» 

4 

6 

0*125 

jE'y . . 

231 20 

3 39 

0-373 

253 45 

3 44 


Naspor 

0*^S2 

February * 

515 5 S 

3 

55 

0*089 

»» » • 

S06 34 

A 3 

0*492 

535 sS 

3 38 

0 

x 

Wb 

Pachroathl Hills « 

f-’Si 

January . 

222 S 

3 

43 

0*105 

May . 

5 C 9 3 

A 1 

0-5S4 

23 * 57 

3 45 


Mean 

0 - 53 S 


2*5 44 


0*155 


■ 


0-501 

231 IS 

3 41 

c 

ChUwiroflc • • 

o'Cj; 

February , 

2o2 S 

4 

S 

O*!o0 

July . 

533 8 

3 37 

0-335 

22a S 3 

3 47 

< 

1 CalciitU. . . 

o’Sco 

tt * 

lOi 0 

4 


0 loS 

»» • * 

536 IS 

3 34 

0*394 

513 42 

3 S 4 

0 

• Ktinaehcc • . 

074S 

Novcnlier . 

2i2 3 

3 

3S 

O'ISS 

]unQ . . 

535 '8 

3 35 

0*^25 

22* tl 

3 49 

^ j 

• Si 

\ Ccttaclc • • 

o •^^3 

Jannary . 

K/0 *3 


II 

o'ljG 

.. • 

535 ss 

3 3S 

0-4(8 

218 40 

3 5 * 

“E 

! m.ovti . 

0 * 5*9 

February • 

150 50 

4 

10 

0*078 

May. 

1:9 48 

5 20 

0*234 

>99 59 

4 *0 

X 

1 * . 

1 

©■503 

>» • 

SIJ 13 

3 

47 

0*113 

jE'y . . 

50 C 30 

4 4 

0-593 

230 u 

3 40 

te 

>• 

3 

t 

1 Mean 

o-Coo 


ro 3 II 


0*1 lO 


515 5 S 


0-383 

B 

3 S 2 


! Patna . . . 


NoTcml>tf . 

225 3t 

3 

4 > 

0*103 

July . 

549 37 

3 2 * 

D-467 

223 S 4 

3 47 


1 HstsrUit^ . 

o*f 35 

Febtcary • 

55 $ 15 

3 

42 

0*130 

»» 

505 37 

4 7 

0*530 

234 13 

3 3 fl 


! AlliVslnd . 

o*5>'^o 

•. 

507 51 

4 

3 

0*142 

»» • 

519 '7 

3 5 > 

0-C53 

233 42 

3 46 

c 

j Jobbalporc • 

o'OiS 

Korttlier « 

2iS 22 

3 

5: 

0*072 

Aufpijl 

3>3 45 

3 S^> 

0*5*1 

214 37 

3 S 5 


* L«cVn2w . • 

t'2C0 


:ji aG 

3 

33 

O' 156 

»** 

519 48 

3 SO 

0*701 

557 S 3 

3 43 


i Acra . 


.. 

2*3 54 

3 

57 

0*130 

July . 

2C2 37 

4 7 

o* 6 o 3 

213 54 

3 S 7 

i\ 

JjJpCT 


.. 

225 45 

3 

44 

0*149 

tt • 

557 44 

3 43 

0793 

2-3 59 

3 48 

0 

St. 

i- 

Kccfktc . « 

roca 

October , 

533 56 

3 

36 

0*121 

.. • 

us 33 

4 $4 

0*490 

219 t2 

3 5 * 


OcfM 

>•545 

Ocrember . 

510 5 J 

4 

0 

0*091 

»» * 

:Ci 40 

3 0 

0*757 

333 35 

3 44 

t 

u: 

LsbotiN , * 

l't?G 

No'rmler. 

55 J* iS 

3 

47 

0*124 

»» • 

19* 3 

4 IG 

0-3S1 

520 49 

3 49 


Uh . 

o‘S 77 

September 

244 >9 

3 

26 

0*330 

June 

535 S 3 

3 >4 

0*570 

24S 53 

3 25 


Mean . 

I'C'/. 


224 2 


0 * 14 * 


aiS IS 

■ 

■ 

■ 



{z) AmplUudc . — The chief features of this element of the fourth component are as 
. follows : — 

(l) The annual values of the amplitude arc smallest for the coast stations and 
increase on proceeding into the interior. They are greatest for Jaipur 
(o7y') and Deesa (076®). They follow the same law in this respect 
as the annual values of the amplitude of -the third cofnponent. The 
values for the coast stations arc greater for the fourth than for the third 
component whereas they differ little in amount for inland stations. The 

K 2 
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DISCUSSION OF THE RESULTS OF THE HOURLY OBSERVATIONS 


values do not differ much for stations in the interior of the Peninsula but 
are on the whole greatest for the West Deccan stations and at Pachmarhi, 
(2) The monthly values of the amplitude of the fourth component are usually 
greatest in the dry cool weather and least in the rains. The following gives 
a few examples : — 


Station. 

Maximum value 
. of V4. 

Month of 
occurrence. 

Minimum value 
of Vi, 

Month of 
occurrence. 

Calcutta . 


0 

0800 

February 

0 to3 

July. 

Allahabad . 


09S0 


0*J42 


L nhore . 


1-196 

November 

0'124 

fl 

Jaipur 


1 6lg 

»t 

0-149 


Dcesa . 

• 

i‘S42 

December 

0*091 

» 

Nagpur , 

• 

0982 

February 

00S9 

tt 

Belgaum . 

« 

i'i04 

January 

0-I43 

August, 

Trichinopoly 

• 

0-581 

February 

0 263 

July. 

Rangoon 

« 

0 727 

January 

0*070 

tt 


(3) It is very noteworthy that the monthly values have only one maximum and 
, minimum value at the great majority of stations, but at several stations in 
North-Western India, including Allahabadj Roorkee and Kurrachee, they 
have two maxima and minima values. The absolute maximum and mini- 
mum values are in November and July (or August) and the secondary 
maximum and minimum in the cold weather months of January, February 
or March. This feature of the fourth component agrees closely with a 
similar feature in the. first component. 

(3) The epochs of the inaximum and minimum phases of the fourth component.— 1 h,Q 
most noteworthy feature of this element is that the epoch for the mean day of the year 
differs very slightly over the whole of India. There are of course four maximum epochs 
in the diurnal period. The following gives them ; — ^ 


Station^ 

MBAH epoch op Mi oh the mean 

DAV OF TUB YEAR. 

Kurrachee . 





• 

A.M. 

3 

and v.u. 

49 

A.M. and r.M. 

9 49 

Lahore 


. 




3 

49 

9 

49 

Deesa . 


• • 




3 

44 

9 

44 

Agra . 


• • 

0 

• 


3 

51 

9 

57 

Luchnow 


• • 

0 

• 

• 

3 

40 

9 

42 

AUababad • 

• 

• • 

• 

• 

• 

3 

46 


46 
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Station. 




Mean epoch of on the mean 

DAY OF THE YEAR. 

Jaipur 




■ 

A it. and F.M. 

3 46 " 

A.M. and p.M. 

9 46 

Hazaribagh 





3 

36 • 

9 

36 

Patna 




* 

3 

47 

9 

47 

Calcutta . 


• 


, 

3 

S4 

9 

54 

Cuttack . 

• • • 




3 

51 

9 

51 

Jubbulpore . 

• • • 



• 

3 

55 

9 

55 

Nagpur 



• 

• 

3 

38 

9 

38 

Poona . 



• 

• 

3 

44 

9 

44 

Belgaum 

• 44 

4 



3 

34 

9 

34 

Beiiary ^ , 

• • • 

• 


« 

3 

41 

9 

4* 

Trichinopoly 

• • • 


• 

* 

3 

38 

• 9 

38 

Rangoon , 

• 4 * 

• 

• 

• 

3 

49 

9 

49 


It will be seen that these four epochs agree approximately with the minimum and 
maximum epochs of pressure, 

(2) The epochs vary very slightly from month to month. They are, as a rule, 
slightly earlier in the hot weather and'r&ins than in the cold weather. The 
range of variation during the year, as given by the monthly values of the 
epochs, is very small, almost as small as in the maximum epoch of the 
first component. The following gives the range in a few cases : — 


Station. 

Range of variatbn in 
the epoch u^. 


H. M. 

Calcutta . ... • 

0 57 

Hazaribagh ..... 

_o 49 

Allahabad • . ' . * * • 

0 

0 

Lahore ...... 

0 57- 

D 66 S^« . • t • • • • 

0 56 

Jaipur 

I iS 

Belgaum ...... 

0 40 

Trichinopoly . . *• » • 

0 58 
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DISCUSSION OF THC RESULTS OF THE HOURLY OBSERVATIONS 


In each memoii' of the hourly observations of 28 stations in India the diurnal varia* 
tion of temperature has been analysed fay Bessel’s method and expressed as the sum of 
four harmonic elements of periods of 24, 12, 8, and 6 hours respectively. The constants of 
these fouf harmonic elements, vis,, the semi-amplitUdes and the phases of the angular 
values of the epochs at midnight are given in tables in each memoir. ’ 

An interesting and important question is to determine whether the resolution into four 
harmonic elements or constituents is purely mathematical, or whether the constituents 
represent real ahd independent factors due to separate or separable causes or actions, and 
having periods of the same length as the "corresponding temperature constituents or 
elements. 

The harmonic resolution is applied chiefly to the annual and to the diurnal varia- 
tions of temperature. The chief features or actions determining the annual variation of 
temperature are : — 

(1) The varying intensity of the solar heating power as dependent upon the 

varying elev'ation of the sun. 

(2) The varying amount of absorption of the solar heat by the atmosphere and 

earth’s surface as dependent upon the amount of cloud* and humidity of 
the air. 

The first factor has a continuous variation of twelve months’ period. A mathemati- 
cal expression for this element will be found in Ferrels’ Meteorology, pages 78 and 79, 
expressed in a series of harmonic functions of the time ; it is — ^ 

T=Ag {Co+Cr cos (nt — c, ) -i-C. cos (cnt — C3)-hetc } 
in which the constants have the following values in Lats., 0°, to®, 20°, 30® and 40® 






C. .^ND C.. 




f ATITUDE 

c,. 

C,. 

c ,. 

c. 

Cl. 

C2. 

C 4 ‘ 

O*’ 

3053 

‘0101 

•0131 

'0001 

0 1 

0 30 

a / 

159 8 

0 * 

318 24 

to' 

•3010 

■0247 

01 30 

'0001 

t66 22 

iCo 4 

318 24 

20° 

288s 

‘0585 

•0128 

0001 

167 46 

iCi 4 

31 3 24 

30° 

•26S2 

•0969 

*0107 

■0000 

168 30 

162 31 

... 

40° 

•24H 

'1200 

•006? 

'0001 

I6S 50 

i6s 54 

138 24 


C;, and C. are very small and of no importance. 

The second factor depends upon conditions, which determine the amount of absorp* 
tion of the solar radiation through the earth’s atmosphere. For example, ia v'erv clmidv 
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weather the larger portion of the sun’s heat is absorbed by the clouds (i.e., by the small 
particles or vesicles of condensed aqueous vapour), and a much smaller proportion is hence 
absorbed by the lower strata of the atmosphere and by the earth's surface, which again 
is partly communicated ■ to the lowest strata. These conditions hence affect largely 
the amount of absorption, and hence the variation of the temperature of the lower strata of 
the atmosphere over the interior of India. 

The year in India may be divided into two nearly- equal periods of contrasted condi- 
tions. In the first period, from October or November to May, the air is very dry and there 
-is little cloud, and hence the amount of absorption of solar radiation is small, but probably 
increases to some extent from January to May. During the second period, that of the 
wet season, the atmosphere is largely charged with aqueous vapour and there is much 
cloud. 1 he greater part of the solar radiation is lienee absorbed before it reaches the 
ground surface. .There is hence an annual variation of these factors which will evidently 
produce a corresponding variation of temperature. The variation does not .however con- 
form to a simple harmonic type, as the transition from the dry to the humid conditions is 
usually very rapid, approaching in character to a discontinuous change* 

It is however probable from a priori considerations that in India, (more especially the 
Peninsula) the resolution by Bessels’ method will give annual and semi-annual variations 
of large or moaerate amplitude and harmonic components of 4 and 3 months of small 
amplitude. This is confirmed by actual data given below for the constants of the 
harmonic formulae representing the annual variation of temperature at eight representative 
stations — 


Statios. 

Annual variation of 

Amplitudes. 

Phase?. 

U, 

Us 

Uj 



U2 


U 4 


0 

0 

n 

0 

D 

i 

0 


0 

1 

0 

1 

Lahore 

19-633 

2-971 


i’070 

280 

57 

272 

47 

45 

0 

178 

14 

Allahabad . 

iS'SSo 

4-946 

o'96o 

q 

0 

0 

292 

37 

272 

II 

69 

42 

202 

56 

Nagpur 

9795 

S'lgs 

1’633 

0-793 

31s 

41 

272 

42 

91 

45 

344 

47 

Calcutta • . . 

9-615 

4‘348 

0-296 

0-622 

287 

6 

281 

41 

321 

51 

116 

9 

Bellar3’ 

6-383 

3-019 

0*224 

0-433 

326 

35 

287 

8 

131* 

S6 

30 

3 

Bombay . 

3'699 

2-540 

0-184 

0’224 

287 

S 3 

240 

0 

354 

\ 

42 

333 

26 

Belgaum 

3 ' 4 ll 

2-968 

0-154 

0-331 

356 

6 

263 

S 3 

310 

31 

34 

41 

Rangoon 

2-430 

2-818 

0-569 

0*421 

315 

32 

268 

14 

238 

9 

71 

44 


An examination of the preceding data suggests the following inferences • 

(1) The amplitude of the annual term (U,) increases largely in amount in proceed- 
ing from coast stations to the most interior stations in India. It is, for 
instance, nearly six times as large for Lahore as for Bombay and eight times 
as large as for Rangoon. 
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(2) The amplitude of the semi-annual component varies to a much^smallet 

extent than the annual, the maximum being less than two times as great as 
the minimum. The magnitude of the amplitude does not appear to depend ^ 
directly upon latitude or upon distance from the sea. ’ ' 

(3) The amplitudes of the third and fourth components are small at stations on or 

not far from the coast. They are moderate in amount at the more Inland 
stations. Hence the chief factors in determining their values are probably 
the same as for U,. 

(4) The maximum epochs of the first, third and fourth components vary very con- 

siderably from station to station ; thus the range of the epoch of' the first 
component (from the coast to the interior station of Leh) is2},monthsj 
corresponding to the period of translation of the area of highest temperature 
from the Deccan in February and March to Upper India in May and june^ 
The ranges of u, and u, are equally large. , 

(5) The maximum epoch of the second component is, on the other hand, remark- 

ably constant at these stations, being little more than half a month, 

A consideration of these facts, and of the chief features of the two actions stated 
above, suggests that the second component chiefly represents the regular variation from 
the dry to the wet season over India, as it is remarkably constant and occurs about the 
same period over the whole of India. On the other hand, the first component chiefly re- 
presents the variation of the first action, vis., the annual variation of the solar radiant 
heat due to the annual changes of the sun's meridian altitude. 

The factors determining the duirnal variation of temperature are more numerous and 
complex. The most important are the following: — ■> 

(1) The heating of the air directly by absorption of the solar radiation In its pass*, 

age towards the earth’s surface. The absorbing power of the air is small and 
hence the variation of the temperature due to this cause is small. It is 
also a discontinuous process lasting about 12 hours daily, 

(2) The exchange of heat by conduction with the earth’s surface. During the 

greater part of the day the air receives heat from the earth, and usually 
during a part of the night it loses heat due to this mutual action. 

(3) The action of convection currents which redistribute throughout the mass the 

heat received from the earth’s surface. This process, by introducing fresh 
, masses of air into contact Avith the earth’s surface, tends to withdraw a 
'larger part of the heat absorbed by the earth than would be the case if 
there Avere no convection currents. This is hence a continuous process 
having a maximum effect about the hottest time of the day, but practically 
restricted to the day hours. 

(4) The presence of varying amounts of cloud in the middle or upper atmosphere. 
This modifies largely the proportion of heat recen-ed by the eaith’s surface 
and the Imver strata of the aimosphere from the sun. The variation .of 
cloud has a diurnal periodicity Avhich undoubtedly modifies slightly the 
diurnal variation of temperature. 
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(S) The effect of rainfall. When the solar radiation falls upon a damp or wet sur- 
face, it is chiefly or almost entirely utilized in evaporating the contained 
moisture, and there is little change of temperature whilst this process is 
going on, Hence, in continued dry weather in the interior of India, the solar 
radiation is utilized chiefly in heating the earth’s surface and the adjacent 
air, whilst in continued damp showery weather as in the south-west monsoon 
or after heavy general rain in the dry season it is chiefly utilized in the 
work of evaporation and there is little change of temperature of the earth’s 
surface. The lower air is, under these conditions, only slightly warmed 
during the day and chiefly by the direct action of the sun. 

The actual variation is hence the resultant of the variations due to these separate 
actions and conditions. Two at least of these actions are continuous and have a 24 hourly 
period. The remaining three are discontinuous and two of them have a period of about 
12 hours, the actions being restricted to the day hours. The Besselian resolution of the 
diurnal variation of temperature (as given in the memoirs) furnishes harmonic elements of 
24,12, 8 and 6 hours period. The two first elements only correspond to periods of real 
action, but the slightest consideration shows that the two elements are not independent 
and do not correspond to separate actions or factors. The Besselian formula in this 
case, hence, gives a mathematical resolution which has a partial (or mixed) physical 
basis for two of its elements. 

The question of whether the third and fourth components have any relation to 
corresponding elements in the diurnal variation of cloud, etc., is readily solved by a 
comparison of these elements. So far as can be judged from such a comparison there is 
no direct relation between these elements and hence any effect due to the amount of 
cloud, etc. (as given by its Besselian resolution), is obscured by terms of the same 
period in the Besselian resolution of the other factors. 

An examination of the constants of the harmonic formulae however furnishes a number 
of interesting conclusions, in part due to the fact that in consequence of the almost un- 
varying length of the day proper (sunrise to sunset) in India the general form of the tem- 
perature curves is practically the same throughout the year, the only important variations 
being, as already pointed out, those due to — 

(1) Varying intensity of the solar action throughout the year. This is small in 

amount in Southern India and moderate in Northern India. 

(2) Varj'ing effect of the solar intensity due to variations in (a) amount of cloud 

and (6) humidity of the air. 

The first conclusion from an examination of the amplitudes of the four components 
of the harmonic resolution of the diurnal variation of temperature is that the relation or 
ratio of the amplitudes is remarkably constant from station to station and also from_ 
month to month. This is easily seen from the following data for the four typical months 
of January, April, July and November for 28 stations. In the table (Table XLII) the 
amplitude of the first component is assumed as unit and those of the three remaining 
co-efficients are expressed as ratios. 
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Table XLII — ralws of the amplitudes of L%, U, and U, lo U, of tcmperatu,e. 
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Similar comparisons are made in the three following tables for air pressure, aqueous 
vapour pressure and cloud. An examination of the data in these ta ess ows a 
such uniformity obtains in the Besselian resolution of these elements as holds for 

temperature : — 

Table XLIII — ratios of ike amplitudes of Uj , Uj and Uj to of pressure. 

' 


Jandarv. 

Aran- 


Jury. 


No 

VEMCER 

■ 

U S 

U,. 

U,. 

O4. 

u,. 

U,. 

U,. 

U 3 . 

tir 

lU 

u,. 

U-. 

u,. 

Us. 

Ui 

U,. 

Ui. 

U- 

Ui. 

Us. 

u,. 

Us. 

u,; 

rSo 

0*50 

0*2 i 

I'oS 

0*05 

o'o3 

0-65 

0*10 

0*05 

i '30 

0*29 

o'oS 

v 6 i 

0-34 

0-13 

I'Sa 

o'o6 

0*0 1 

i'78 

0*21 

o'o6 

i'7l 

0*29 

o'oG 

a’aS 

0-43 

0*26 

X*X 2 

0*07 

0*02 

o'Sg 

0*12 

0*02 

I ‘63 

0'2S 

o'i 3 

f 77 

o '33 

o'i6 

o'gS 

o'oS 

004 

i'o8 

O'IS 

0*04 

I'Si 

0*22 

0*07 

i-pS 

0-49 

o' 18 

i'o6 

o'oC 

O*©! 

I'lg 

0*14 

0*04 

I'Gs 

0'34 

0*10 

f 47 

o‘i8 

0-13 

o '97 

0*02 

0*01 

1-41 

O'lO 

o'oG 

i '37 

0*25 

0*04 

1-70 

034 

0*13 

I'oS 

0*04 

0*01 

1*16 

O'IS 

0*04 

l '43 

o'zS 1 

o'oS 

fS? 

0'30 

o'is 

104 

0*03^ 

001 

I '36 

0*10 

o'o7 

1-73 

o'lG 

0*09 

rC2 

0*24 

0*14 

o '97 

0*07 

0*01 

l ’34 

0*14 

0*02 

1-43 

0*14 

0*03 

‘‘93 

0-43 

o'l6 

1*22 

0'03 

0*04 

rgO 

0*20 

0*05 

1-73 

o '34 

O'IS 

fsS 

0*29 

0*07 

cr 9 S 

O'OS 

0*02 

rxi 

0*12 

0*02 

i ’34 

o'iS 

0*04 

« t'St 

0-37 

OXI 

o'ga 

0*02 

0*04 

t ’36 

o'I 3 

,o'o8 

1*27 

0'2G 

o'oS 

. rsa 

0'24 

0*07 

ri4 

o'oS 

0*07 

of)9 

o'o; 

0*04 

i*i6 

o'i7 

o'o 5 

. fOa 

0-32 

0'12 

i'J 4 

006 

o'o 3 

r6S 

013 

0*03 

1-59 

0'26 

0*09 


o‘iS 

0-07 

ri8 

o'c<; 

0*04 

i '39 

ooS 

0*02 

i '44 

0'20 

o'o3 

. f 84 

0-33 

O’ll 

f 43 

0*10 

O'Ckl- 

1-99 

0*20 

0*04 

i*6i 

0*25 

ooS 

. f 49 

o'lO 

0-03 

o'gS 

0*03 

0*05 

1-88 

0*12 

o'i3 

i'6i 

0-30 

o'oG 

. no 

0-32 

O'l? 

f 39 

0*03 

O'OI 

3 - 5 S 

o '35 

0*07 

2*00 

0*23 

0*10 

. 1*56 

fi7 

0*09 

rog 

0*0 X 

o’04 

I'So 

0*10 

o'oG 

i '44 

O'IS 

0*09 

. 3’40 

0-63 

. 0*2 1 

fSt 

o'o8 

0*02 

2 'o 6 

0*20 

0*02 

2*93 

0*40 

O'IS 

• **S4 

0*29 

coS 

0*91 

0-03 

o*ot 

i’54 

0*14 

0*04 

I '48 

0*31 

0*07 

. fS3 

O-it 

o'oS 

i '33 

0*03 

0*02 

6' 14 

0'49 

0*10 

1-28 

0*11 

o'oG 

• iS'Ot’ 

0-25 

0*07 

i' 6 g 

O'lo 

0*05 

S ’47 

0'39 

0-X3 

2*21 

0‘2I 

0*12 

. 1'36 

o’tO 

004 

ro7 

0*02 

0*02 

1 -S 3 

o'o6 

0*02 

i-ss 

O'IS 

o'03 

• 2*01 

0 *J 2 

o'o6 

1-38 

o'oG 

0*03 

i-St 

0*07 

0*04 

2-47 

o'i3 

0*09 

* 2*36 

0*20 

O'OJ 

2-08 

0*07 

0*07 

3'oo 

o'o! 

0*03 

3 'i 5 

0*2 1 

006 

. 103 

. fSo 

0-34 

o'sG 

0 X 3 

o*oJ 

cfil 

1-30 

0*09 

O'OJ 

o'o3 

O'Ofl 

■o '39 

o'O; 

0*03 

o'oS 

0*02 

0*07 

i • 

o'Gi 

i' 9 i 

o'i8 

o'i 7 

O'O 4 

O'lo 

2 


Station. 


Lalioro . 
Kurrachcc 
Roorkce 
j Agra . 
Jaipur . 
Lucknow 
Allahabad 
Dccsa . 
Patna . 
Hazaribagh 
Dhubri . 

Goal para 
Sibsagar 
Calcutta 
Cuttack 
Chittagong 
Rangoon 
Bombay 
Jnbbulpore 
Pnchmarhi 
Nagpur 
Poona . 
Bdgaum 
B diary . 
Trichinopoly 
Trivandrum 
Lch . 
Aden . 



o6 DISCUSSION OF THE RESULTS OF THE HOURLY OBSERVATIONS 

Table XLlV-S/wwi„g ratios of the amplitudes of U^, and U. to U' k nou.r,,,: • 

pressure. ' r vapour 
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Table XLV—Skoviing the ratios of the amplitudes of U^, and U^ to of cloud proportion 

for seven selected stations in India. 


Statiok. 

January. 

Ayrii.. 

Jui-t. 

Novembbr. 

m 

V , 

ur 

1/4 

u, 

n. 

n, 

B 

m 

t'l 

■u; 

B 

U, 

Ui 

U, 

Ui 

■ 

Deesa , 





•X2 

m 

• ‘07 

*43 

•09 

•11 

•39 

V07 

*55 

•4* 

•19 


Patna . 

• 




*4« 


•23 

1*14 

*33 

•76 

'20 

*46 

•35 

ltd 

•69 

•44 

Dhubri . 

• 

• 




•67 

•41 

•12 

*19 

*14 

•33 

•39 

•22 

•31 

•G3 


Rangoon 

• 






•07 

•28 

•30 


•30 

•aS 

•08 

•21 

•19 

•10 

Nagpur. 

• 





•4t 

•os 

•81 

•33 


•51 

•25 

'27 

•34 

•28 

•04 

BcUary . 

« 

• 



'04 

•IS 

•05 

•49 

*38 


•30 

•24 

•04 

•15 

•27 

•03 

Aden . 

* 

• 



•40 

•24 

•10 

.•40 

■04 

mimfl 

•22 

25 

•iC 

•73 

•23 

•IS 


The following arc Important inferences derived from the comparison of the figures of 
Tables XLII to XLV. 

(1) The values of the ratios for aqueous vapour pressure and cloud vary very 
largely and in the most irregular manner from station to station and from 
period to period, to such an extent that it would be hardly possible to 
assign any regular law of variation. 

(5) The values of the ratios for temperature are on the other hand remarkably 
consistent. The following gives mean values of these ratios for four months 
of the year : — 


Ritio. 

Jjnuiry. 

ApriL 

July. 

November, 

■nr 

V , 

-u, 

V , 

n, 

•29 

•06 

•07 

•23 

•oS 

•05 

'26 

•06 

•04 

•30 

•oC 

•o3 


The following gives corresponding values for each of the four large divisions of the 
stations -. — 



Uslto. 

Jantiiry. 

Atiil. 

July. 

Noveml^cf. 

[ 

-u;- 

•31 

•23 

'3* 

•32 

Tropit.nl Coast Stntiors . , , .t 

eje 

•05. 

•07 

■ -oS 

•04 

1 

U . 

•07 

•o6 

•OS 

-oS 
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Ratio. 

Jannary. 

April, 

July. 

NoircclUr, 

> 


r 

u. 

•24 






U, 

■33 

•31 

’25 

Tropical Inland Stations . • 


ik 

U, 

•05 

‘op 

04 

* r 

•09 ^ 


( 

U. 

U, 

■oS 

■05 

04 

07 


/ 

u. 

■30 






U. 

•27 

■25 

! 3 I ' 

E^tra•Troplcal Coast and Assam Stations 


U. 

U, 

05 

*06 

•OS 

■05 


\ 

U. 

Ui 

•oG 

*05 

■03 

•07 


/ 

u. 

■31 

•IP 

i 




U, 


•30 - 

Extra-Tropical Inland Stations . , 

- 

Ur 

u; 

•or 

*10 

i 

'O7 

*o 5 


V 

ur 

•08 

•03 

•03 

'09 


The following gives corresponding data for the ratios in the case of air pressure ;■ 


Ratio. 

January. 

April, 

Jiiiy. 

Novcwber, 

U. 

u. 

« 4 • 


• 

• 

• 

r76 

rai 

181 

4 

167 ' 



• 


• 

• * 

030 

005 

0 J 5 

033 

■ 

. , . . 

• 


• 

• 

0 12 

003 

f 

005 

ooS' 


The following gives corresponding values for each of the four large divisions of the 
stations — t 


July j November. 


Tropical Coast Stations , 



Tropical Inland Slatiors 


2 28 2’i7 


ooS 008 


O'lO 


006 
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H 

January, 

April. 

■ 

July. 

November. 



u. 

U, 

i'53 

1*20 

I ’47 

i '46 

Extra-Tropical Coast and Assam Stations . = 


U, 

U, 

0-30 

o'o6 

o'i3 

0-23 



U. 

U, 

o‘io • 

0*04 

0*04 

o'od 


r 

"u. 



rtS 




u, 

>73 

I‘02 

f45 

Extra-Tropical Inland Stations . • • • 


U, 

U, 

0-3+ 

o'os 

0*t2 

0'24 




o'l6 

0'02 

0*04 

0*08 


Another important conclusion is that the epochs of the maximum and minimum 
amplitudes of the four components of temperature agree very closely in time at each 
station. I'he following gives data for this comparison : — 


Table XLVI — Zhming time of occurrence of the epoch of the maximum amplitude of the four 
components of the harmonic formula representing the diurnal variation of temperature. 


Station. 

First component. 

Second component. 

Third component. 

Fourth component. 

Lahore 

* « 



April . 

• • 

November 


Way . 


November. 

Kurrachee . 

• « 



November 

« • 

Ditto 

• • 

December 


Ditto. 

Roorkee 

• • 



Ditto 

« • 

Ditto 

• t 

April , 


October. 

Agra 

• • 



April . . 

• • 

Ditto 

• ■ 

Ditto 


December. 

Jaipur. 




November 

• • 

December 

V • 

Ditto 

• 

November. 

Lucknow . 


0 

• 

Ditto 

• 

Ditto 

• « 

Ditto 

• • 

Ditto. 

Allahabad . 


• 

t 

April . 

• 

Ditto 

• 

Ditto 

■ • 

February. 

Deesa . 



• 

November 

• • 

Ditto 


November 

• • 

December. 

Patna . 

• • 



March 

• • 

Ditto 

• • 

April ■ 


November. 

Hazaribagh. 

• 



April . 

• • 

January 

• • 

Ditto 

t • 

February. 

Dhubri • 




March 

• • 

February 

• • 

Ditto 

• • 

Ditto, 

Goalpara . 

• • 

• 


February 

• • 

Ditto 

t • 

December 


March. 

Sibsagar 




December 

• t 

December 

• 1 

May . 


February. 

Calcutta , 




February _ 

» • 

January 


April . 


Ditto. 

Cuttack 




January 

• f 

April . 


January 

• 

January. 
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Table XLVI — Showing time of occurrence of the epoch of the maximum amplitude of the feur 
components of the Aartnouic formula representing the diurnal variation of temperature— cowcH, 


Station. 

first component* 

■ 

Second component. 

Third component. 

Fourth compOiMt. 

eWttagong 

» » 



February 


February 


February . . 

February. 

Rangoon 

• • 


• 

Ditto 


Ditto 


March . . 

January. ^ 

Bombay • 

• • 



Ditto 


January 


April and May . 

March. 

Jubbulporc . 

• • 



December 

• • 

December 

« • 

April • . 

November. 

Pachniarhi . 

• • 



January 

• • 

Ditto 

• • 

February . . 

January. ^ 

Nagpur 

• • 



March 

• • 

Ditto 


April • • . 

February. 

Poona 1 

* • 



Ditto 

• • 

February 

• 

March . , 

Januaiy. 

Belgaum . 

*■« • 



February 


April , 

• • 

February . ■ 

Ditto. 

Bellary . 

• • 



Ditto 

* 

February 

k • 

Ditto . 

Ditto. , 

Trichmopoly 

• • 



Ditto 

« • 

May . 

• • 

M.arch • . 

February. 

Lcb . . 

• • 



September 

• • 

November 

« • 

June . . 

September. 

Aden . . 

• t 



October 


October 

• • 

August • . 

October. , 


Table XLVU — Showing the time of occurrence of the epoch of the minimum amplitude the 
four components of the harmonic formula representing the diurnal variation of temperature. 


Station. 

first component 

Second component 

Third component. 


Lahore . 


• 


August 


. 

Hj 

■ 

Janu.ary 

hH 

Kurrachec . 


4 


Ditto 

* 

« 


m 

September , . 


Roorkee . 

• 4 

• 


July . 

« 



m 

Ditto > . 

Jul). 

Agra . . 

• • 

4 


August 

« 


.Ditto . 


August • 

Ditto. 

Jaipur . 

• • 

* 


Jufy . 



Ditto . 

• 4 

Ditto 4 4 

Ditto. 

Lucknow . 

• • 

• 


August 



Ditto . 

« • 

Ditto 

August. 

Allahabad . 

• • 



July . 

» 


Ditto . 

» < 

October 

July. 

Deesa . . 

• • 



August 



Ditto . 

4 4 

July . 

Ditto. 

Patna 

« • 



Ditto 

• 


August 

• • 

September « 

Ditto. 

Hazaribagh . 

• • 



Ditto 



Ditto 

• • 

Ditto . 

Ditto. 

Dbubri 

• • 



July . 



July . 

• 4 

Ditto . 

May. , 

Goalpara , 

• • 



Ditto 



Ditto . 

• 4 

Ditto , , 

July. 

Sibsagar 

• » 



Ditto 



Ditto ■ 

* • 

January , 

Ditto. 

Calcutta , 

* « 



August 

* 


Ditto « 


August . . 

Ditto. 

Cuttack , 

* « 



Ditto 



September 

• » 

June . 

June, 

Chm,ngong . 

* • 



Ditto 



June . 

• 

September . , 

July. 

Rangoon . 

• • 



Ditto 



August 


June . 

Ditto. 

Bombay 

* • 



July . 



July . 

• 

July . 

Ditto. 













RECORDED AT ap STATIONS IN INDIA: 


III 


Table 'KhVll—S/iovitng the time of occurrence of minimum epoch corresponding to rntnimicm 

amplitude of temperature — concld. 


Station* 

First component. 

Second component. 

Third component. 

Fourth component. 

Jubbulpore . 

• 


• 

July . 


July . 


August 



Pachmarhi . 

• 

* • 

* 

bo. . 

• » 

August 

• • 

Ditto 



Nagpur 


« • 

• 

Do. . 

• • 

July . 

• • 

June . 


Do. 

Poona . : 

« 

• • 

• 

Do. . 

• • 

Do. . 

• • 

July . 


Do. 

Belgaum : 


• 


Do. . 


August 

• • 

August 


August. 

Bellary 


• 


Do. 


June . 

• • 

July . 


July. 

Trichinopoly' 


« 


June . 


November 

• • 

October 


Do. 

Lch • • 


• 


January 

• * 

June . 

• • 

December 


June. 

Aden . . 


« • 


Ditto 

• • 

July . 

• • 

January 


May. 


It will be sufficient to analyse the data given in the second of the two tables (Tables 
XLVI and XLVII), 

The minimum values of the amplitudes of all the four components occur in the same 
month (July) at Poona and Bombay. ♦ 

The minimum values of the amplitudes of the four components occur in the same 
month, and in either the preceding or succeeding month at eleven stations as shown 
below: — 


Station. 

Time of occurrence of the epoch of the minimum amplitudes of 
the four components representing the diurnal variation 
of temperature. 

Kurrachee .... 

2 in August, 1 in September and i in June. 


in July and 2 in August. 

Jaipur ..... 

3 in July and I in August. 

Lucknow ..... 

3 in August and l in July. 

Deesa 

3 in July and i in August. 

Calcutta ..... 

2 in July and 2 in August. 

Jubbulpore .... 

Ditto ditto. 

Pachmarhi ... . . 

Ditto ditto. 

Nagpur ....’. 

3 in July and 1 in June. 

Belgaum 

3 in August and i in July. 

Bellary 

3 in July and i in June. 


Three of the minimum values occur in the same month, July, at four stations, vis., 
Roorkee, Allahabad, Goalpara and Sibsagar and the fourth .in September, October or, 
January. 

The data hence show the very ’marked tendency for the monthly amplitudes of the 
four components to increase and decrease together,- so that the maxima values of all 
tend to occur about February and March [i.e, at the commencement of the hot w.eather) 
and the minima about July or August (in the height of the rains). 


N 
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Comparison of the Bcsselian constants for the diurnal variation of pressure and fem’ 
pel ature. 

A considerable number of inferences of importance follow from this comparison. 
The most noteworthy are as follows : — 

(i) The phases of the second component of the diurnal variation of air pressure 
and temperature differ almost exactly by 90°. This is shown very clearly by ' 
the following data for the phases of that component for the mean day of the 
year at ten stations : — ‘ 


Station, 

AN^UAt PHASES OP THE SECOND 
cOaMPokpkt op 

Pressure. 

Temperature 

Difference 



‘ 



0 

t 

0 

f 

0 

1 

Calcutta . 

» 



. 

147 

SO 

49 

9 

98 

4J 

Patna 

• 




149 

5 

60 

7 

88 

S 8 

Allahabad 

a 




ISO 

J3 

56 

S 6 

93 

17 

Lahore . 

• 




138 

18 

S3 

45 

8 S 

33 

Jaipur . 




a • 

«5t 

30 

57 

6 

94 

34 

Nagpur . 

• 



a « 

154 

44 

61 

35 

93 

9 

Poona 

a 




] 6 i 

31 

67 

48 

93 

33 

Bellary , 

« 


• 


JS2 

»7 

5* 

37 

99 

40 

Madras . 

a 


• 


*57 

47 

57 

6 

xoo 

4« 

Rangoon , 



a 

• 

>53 

3 

59 

59 

93 

4 


The physical interpretation of this is that the maximum epoch of the second compon* 
ent of the diurnal variation of the air pressure is simultaneous with the epoch of greatest 
rate of change of temperature due to the second component, as will be seen by the follow- 
ing comparison for the mean day of the year of eight typical stations , — 


Station, 

Maximum epoch of 
the second component 
of pressure on the 
mean daj of 
the year. 

Epoch of the greatest 
rule of change of 
temperature due 
to second com- 
ponent. 

Difference 

Lahore . . . . , 

10*23 

a.m. & P.'I. 

10-14 A M* k P.M* 

Min- 

9 

Calcutta . . . , 

10-4 

ft 

tO.22 „ 

18 

Allahabad .... 

10*0 

ti 

to -6 u 

6 

Jaipur . ... . 

9-57 

ti 

10 6 „ 

9 

Nagpur 

9-51 

tt 

9-S7 

6 

Poona 

9-37 


9-44 

7 

Bellary 

9-SS 

»» 

10-15 » 

20 

Rangoon . , . . 

9-54 

•»» 

to*o u 

6 


The mean of the differences between the two epochs for these stations is onlv to 
minutes. 
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(2) A comparison of the amplitudes of the second components of the diurnal variation 
of temperature and pressure shows that there is no direct arid closely marked relation 
between the two. 

The following gives the annual values of the amplitudes of these two elements for 
the same stations for which data are given in the preceding table : — 











IIi{ msoui&iyiN V*‘. Knauuis uv iH»i,nuuKuy UBSliKVATXONS' ■"i 

•■ CH AFTER' ,V. 

Aqueous - Vapour , Pressure. ’ 

In the present chapter is given an analysis of the'changes of aqueous "vap6ur,pre£s(ir0' 
during the day in India in the different seasons of the year. \ ' ■ I, ‘ j. 

It is certain that in India' at least during the dry season of the year, theobseryatiotik i ' 
of the instruments employed for the determination of the h'ygrometric conditions, of ihfeair''-' 
are tainted with occasional errors due to the observers not supplyihg sufficient water to t!iet\ 
reservoir of the wet bulb, and in a less degree' to their not keeping thl^ihstruniehts cleaniV, 
The determination of the amount of aqueous vapour, present in the afr 'is effected hyt: 
the employment of a mathematical formula in which the constants have been determined, 
chiefly from observations in European countries, and although probably ,qo^ectTforfth'e' ' 
range of variation in these countries by no meaos give accurate results at'certain 'seasons; 
of the year in, India. Cases for instance .are of , occasional occurrence ' at ;very?damp’^ 
stations in the rains, e.g'., Akyab, Darjeeling, in which the wet bulb reads ; slightly.blgherv' 
than the dry bulb. Again, the air is under some exceptional circumslances'so dry;&t thi';' 
driest stations that the humidity calculated by the formula is a ; negative, quamity-' peases |y 
of minus a for the relative humidity at three or four of the driest stations in India liavlng’.r 
been actually determined from Regnault’s formula modified by August). ', ' ''■ V 

Although the observations and data are'hence not so accurate as might be "desired, V; 
they give, so far as can be judged, a fairly approximate ,nnd correct view' of'-'the '^diurnEh; 
variation of the amount of vapour present in' the air. ' , ' , - 

It has not been thought necessary to translate the dat.r into,amounts of. vapourtn;'. 
grains per cubic foot, as the vapour pressure- is approximately proportional to. th'e,' actual.;,' 
amount of vapour per unit volume for moderate changes of temperature. ';V.4 

The actual variations of the aqueous .vapour pressure, on any given daycare due to~;;,' 

{/si) What may be termed the normal regular diurnal variations, produced;, by,.' 

general actions to be discussed later. ^ 

(sjid) Large, irregular variations succeeding each other,vefy rapidly- and appwehily ... 
, following no law of any kind, but resembling to some extent the ebangesjj 

' ' in ihe intenrity of the air movement as m'easured by a Dines’s'air, pressure 
'.anemom.eter. ' , ■■‘.‘i’-' 
. { 3 rd) Changes in progress due to abnorrrial weather conditions, as, fo'riy.example,;;' 
■ . ,■ the march of, cyclonic-storms, the prevalence 'for, some days ofuxcessiyely ' 

I . ' ' ; hot weather with strong hot winds,’ etc. * •; 

It is'only when the dafa of; a longish period 'are ' averaged ■ arid ;smoothed,''‘e/.%r-,‘ 
■, by free hand or by Bessel’s, formula, that a tolerably regular I^w for the diurriah ■Variation.''’ 

■of -the aqueous vapour pressure is obtained: . ■ - , . ' 'r*'.; ' ,' 

r ; ■ it s.hould be.premised that the pressure is m.easured in terms of a tolumn '6Liiierc^jy.i; 
dt , temperature p” C. and ; constant gravity, Lat. ' 45° ' (vr* International Mriteorob^^^ 

- Tables,- -pages B 29 <o B 32 :) ; ,li there- were,no change during' thd' daj' in "ihe .actua"- 
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amount of vapour present in unit volume the pressure would vary slightly due to the' tem- 
perature changes of the combined dry air and vapour. The variations of pressure due to 
this cause would rarely be more than 2 per cent, of the mean vapour pressure of the day. 
The amplitude of the change is so small that for most purposes it may be assumed the 
pressure of the aqueous vapour is independent of the temperature changes and is propor- 
tional to the actual amount of vapour present in unit volume which varies largely during 
the day due to other causes. 

There are two features of peculiar interest in the variations of the aqueous vapour 
pressure which differentiate it from air pressure and temperature. 

These are : — 

ist — the relative magnitude of the diurnal oscillation, more especially when com- 
pared with that of the total air pressure ; 

2>id — the magnitude and rapidity of the changes which occur, more especially in 
the dry season in India, and as it may be termed the variability of the 
aqueous vapour pressure. 

The following gives some examples of the large diurnal range of the aqueous vapour 
pressure as compared with the total air pressure : — 


Station. 

■ 

Month, 

Air trsesure. 

Aqueous VArouR rressdre. 

Mean. 

Daily Range. 

Percentage. 

Mean. 

DaUyRange. 

Percentage. 

• 





9 

* 

ij 

9 

9 

Allahabad .. 


M.ay 


29-319 

•126 

0-4 

•St8 

•117 

33 

Belgaum 


March . 


27 373 

•135 

o-s 

•417 

■260 

62 

Calcutta . 

, 

March . 


29'854 

•131 

0-4 

•674 

•167 

25 

Cuttack . 


April « 


29603 

•141 

0-5 

•798 

•205 

26 

Deesa . 

« • 

May . 


29-228 

•134 

0-5 

•546 

•209 

38 

Poona . • 

• * 

May . 

• 

27‘5M8 

•Its 

0-4 

•510 

•207 

41 

Trichinopoly 

.. 

March . 

• 

29-662 

m6o 

05 

•662 

•>45 

22 


*The preceding data indicate that in the typical cases selected the mean amplitude of 
the diurnal range of the total air pressure is only between and ^ per cent,, whereas that' 
of the diurnal range of the aqueous vapour pressure is as much as 20 to 60 per cent, 
of the mean vapour pressure. It averages on the mean of the year about to per cent, 
for India generally. 

The variability of the aqueous vapour pressure during the 24-hour period can only 
be fully realized by an examination of the hourly observations. It may be measured by 
ihe variability for any given period by calculating the mean of the actual changes from 
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hour to hour irrespoctive of sign. This Is given in the following table for six days m 
each season at Allahabad and Calcutta : — 



Similar data are given for the total air pressure— 



The data show that the variability of the aqueous vapour pressure is generally more 
than twice as great as that of the total air pressure, although its actual value is from S 
thirtieth part in the wet season to a seventieth part on the average in the dry season oi 
the air pressure. 

This feature is however more strikingly shown by an examination of the actual data o 
hourly observations. The curves of aqueous vapour pressure for the day hours of the 
solar eclipse, January 33nd, 1898, given in the Indian Meteorological Memoirs, Vol. XI 
Part II, Plates XXV to XXIX, illustrate it very clearly. The weather on that day wa' 
remarkably fine and free from all disturbance. Yet, as will be seen by a reference to the 
curves in the Plates XXV to XXIX of that volume, the changes were very large am 
irregular, in fact to such an extent, that it is hardly apparent from, them what the mean 0 
normal changes in such weather would be. 

In order to illustrate this feature further, the hourly values of the aqueous vapou 
pressure for the following stations and dates, vts ,^ — 

Allahabad May aSth, 1885, 

Lahore April 28th, r88G, 

Jaipur March 7th, iSgo, 

and Roorkee ....... April 8 th, iSyS 

are given below; — 
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Allahabad. - Lahore. 


May sBlb, i88s 


Jaipur. Roorkee, 


March 7th, 1890. 



Initial midnight 


^ I ' trrh p *■ ever ''1 - ^ ’I 

'* I midnight » ' ' 

” - - ""-c stations in Inc " • ''^'>ondU);3early the large and rapid irregular 

pceding table illustrate very t. 

The data of t ® interior of India. . 'Aom -rid in different parts of 


•401 
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The following gives a summary of the preceding remarks : — 

(a) During the prevalence of land and sea breezes in the coast districts of India 
very large and sudden changes in the amount of aqueous vapour pressure 
in the air may occur, more especially during the periods of the transition 
from the land to the sea breezes, and vice versd, 

(^) These changes are largest atr>some distance from the coast, probably from 
40 to loo miles, and are most pronounced at Calcutta, Cuttack, Belgaum 
and Poona of the stations for which data are available. 

{c) Similar changes occur at the coast stations, c.g., Bombay, Chittagong, etc., 
but are by no means so large as at Calcutta, Cuttack, Poona and Belgaum. 
{d) The alternate action exercises little or no effect in the interior except by the 
cumulative process explained briefly above. 

Similar changes also occur whenever there is a shift of wind from a land to a sea 
direction, w-hether the shfft be temporary due to temporary meteorological actions or to 
seasonal changes. As examples may be given the shift of wind from northerly to souther- 
ly directions in Bengai during tVie passage oi coifl ■ut.'a'iVi'Ea sTt/nrra acit/o'S INtniVi-Ea'sV^Ti 
India and the seasonal change in Northern India from the normal dry westerly w-inds of 
the hot weather to the easterly winds of the south'west monsoon period. 

It is not, however, necessary to consider the latter in dealing with the diurnal varia- 


tion of the aqueous vapour pressure. 

The largest changes of an oscillatory character due to this action evidently occur 
in the coast areas during the prevalence of land and sea breezes. A similar 
effect on a smaller scale produced by any action tv'ill give a larger movement into the 
interior from the sea during the day than during the night. This action occurs for 
example in the hot weather and in the rainy season in India. The interior of India, 
more especially the drier districts of North-Western India and of the Deccan 
and Southern India, are heated up considerably during the day, and this ini'ariably 
gives rise to increased air movement and hence in both seasons to an increasing 
indraught during the day hours, reaching its maximum about 3 P.M. or 4 P.M. In the 
hot weather the indraught is local, chiefly occurring in the coast districts. In the south-west 
monsoon period it is general and as marked in the interior as in the coast districts. 
This action of an oscillatory character, vis., increased movement by day and decreased 


movement by night, tends to increase the aqueous vapour pressure during the day hours_ 

and decrease it during the night hours, and hence to giv» in the 

, • j • .1. j- 1 r.u oao.iiatoly vanatmn ol 24 

hours period m the diurnal variation of the aque'-.s ^ ^ 

,, ^ . ji:<» -wMS vapour pressure. 

(5). The action of large momtainr'iv .7.1.., . , , . 

, 1 • t. . 1 11 cr by the transfer of masses of air 

from higher to lower levels, or zirr":' < , • ... . 

, ^ versa. 1 his occurs under various conditions in Nor. 

them India. For^example , ,u 1 : .t - r u ,i 

• N ‘ rr>m- ’ weather clears in the rear of a severe cold weather 

’-‘lern ^ndia, very dry westerly winds set in, producing a very large and rapid 

_ '“-Jicase of humidity and aqueous vapour pressure. This dry current is apparently chiefly 

fed from the plateaus and mountain areas to the west of the Indus and spreads eastwards 


over Northern India. Numerous examples of this action will be found in the Memoir on 


Cold Weather Storms in Northern India.” Observations have been recently obtained 
establishing that the winds down the Khyber, Bol^n and other passes are at such times ver^ 
vigorous, sometimes, I am informed, strong enough to blow down tents. 

Again there is in the cold and hot weather a well defined alternating motion betw'een 
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the hills and plains in North-Western India, In the day hours, southerly winds blow across 
the hills from the plainsj ■whilst in the night the air movement is almost as strong, but in the 
opposite direction. There are return currents in the upper atmosphere from the higher 
mountains to the plains in the day and vice versd in the night hours, as is frequently shown 
by cloud observations at Simla and other hill stations. It is very probable that the 
upper and drier current in the day tinte is partially fed from Thibet, and hence introduces 
air of a different hygromeltic character which descending over Northern India mixes 
with the lower air and hence contributes to diminish its humidity. This question has been 
only partially worked out, but it is probable that it contributes to a considerable extent in 
modifying the diurnal humidity conditions over Northern India. If this action be a 
causa, it is evident that it -n’iU tend to give decreasing aqueous vapour tension in the day 
hours over the plains of Northern India, as it is during that period that the descending 
dry air from the upper levels chiefly affects the air in the plains of Upper India. The effect 
during the night hours will apparently be small and negligible in amount. The action 
will hence tend to give a variation during the day hours having its maximum probably 
about the hottest time of the day, 

(6) and (7). The effects of those actions, vis expansion or contraction and varying 
temperature, are so small that they are generally neglected. 

Snminary . — These actions, so far as they modify the quantity of vapour present in 
the lowest air stratum and contribute towards the diurnalvariation, will produce changes 
of the period and character indicated below : — 

(1) Diffusion diminishes the aqueous vapour pressure in the lowest strata by 

amounts w'hich are greatest in the day hours when diffusion is slightly more 
rapid than in the night hours. This action hence gives rise to a variation 
of aqueous vapour pressure of 24 hours period, the minimum about 2 p.m, 
and the maximum during the night hours, 

(2) Evaporation produces increase of vapour in the lowest stratum, greatest in 

the day hours when evaporation is most rapid. The rate of evaporation 
depends upon a variety of actions. It varies: — - 
{a) Inversely as the relative humidity of the air. 

{b) Directly as the rate of the air movement over the water or other 

surface at ■which evaporation is occurring, 

(r) Directly as the intensity of the solar radiation and hence inversely as 

.c.j j..i.v..^,Ti/^Mnt^of cloud, dust, etc., present in the air, 

•'’e stations in Inu..„ actions of 24-hour period, the maximum intensity of 

• L ''n .will hence give an oscillatory variation 

which IS about 2 P.M. Evaporauv,.. . . , . t 1 • u -i. , 

, the maximum of which wil be 

of aqueous vapour pressure 01 » 4 -nour p- 

about 2 or 3 P.M. and the minimum in tbe earl;^l’;"°^l”^‘ 

Convective movements with the associated lower horizoift^’^’f movements 
give rise to a day oscillation varying very considerably in period and'dapli- ^ 
tude. They cause a decrease of vapour pressure, increasing in amount from 
9 or 10 A.M; to 3 or 4 P.m. followed by an increase terminating about 7 p.m. 
The diurnal period of this action in India is on the average of the year 
about 10 hours. The amplitude varies very greatly with the, season, and 
is a maximum in the Peninsula in March or April and in the interior of 
Northern India in May, 


■.'Jne ail 


(3) 
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(4) Land and sea breezes give rise to the largest variations of aquedus vapoOr 

pressure. During the prevalence of the land breeze the amount of aqueous' 
vapour is reduced below the mean of the day, the reduction being 
usually greatest shortly before the transition from the land to the sea" i 
breezes. Similarly during the prevalence of the sea breeze the aqueous 
vapour pressure rises above the mean, reaching its maximum at the coast 
stations from 2 p.M, to 4 P.M. when they are strongest. The variation in , 
the aqueous vapour pressure due to this action is hence of 24-hour period, ' 
the maximum and the minimum occurring at different hours depending ' 
" upon the distances of the stations affected from the sea. \ ' 

(5) The up and down movements between the mountains of Northern India and’ 

adjacent plains give rise to large and irregular changes which probably con-i 
tribute to reduce the aqueous vapour pressuie on the mean in the day hours. 
This movement is alternating, consisting of a down movement from the hills 
to the plains in the night hours and up movement from the plains to the hills 
in the day hours. There is an alternating inverse movement in tiie upper 
strata. The effect of the down movement in the night hours may tend to , 
decrease the aqueous vapour slightly at and near the foot of the bills, whilst-, 
that of the upper movement in the day hours may tend to give considerable'^" 
irregularity in the day hours. / 


The diurnal variation of aqueous vapour pressure in different seasons is due chieffy,,, 
to the combination of these periodic actions in varying proportions. 

The combination of the first and second processes gives under normal conditions an 
oscillation of 24-hour period. ^ 

The combination of the first, second and third processes gives rise to a double ^ 
oscillation, vis., a small to moderate oscillation in the caily moming followed by a' 
considerably larger oscillation during the day and evening hours, the relative importance 
of the two depending upon a variety of causes. * 

Land and sea breezes are only important in the coast districts whore the convective 
movements are small. Hence the effects of the land and sea breezes are usually cdiii- 


bined with (i) and (2) (and not with 3). The action of the land breeze will tend to 
increase the early minimum due to (r) and (2) and lo emphasize the afternoon maximum^ 
considerably to largely. Hence the combination of these, vis., (i), C2},and^ 

24-bourly oscillatory change, the amplitude of wdiich u’^i'brja^rge and the’d^y niaXum 
will occur somewhat irregu arly, dependm^up^.^-Y-T topographical conditions which 
modify very considerably the intensity 47, j p^^iod of the sea breeze. 

I of between the mountains and plains 'of Northern 

n la, wi pro a gj-^e on the average a slight decrease of aqueous vapour 

pres.ure _Lling the day hours when the upper return current from the snow is descending 

whether the descending current in the night hours' 
pin increase or decrease of -aqueous vapour in the lowest air stratum over the 

ence the effect of this will be to add slightly to the results of the"^ 
fit in the plains of Northern India, and hence the combination of 

and ( ) ' produce a double oscillation similar to that of (l), ,(2) 
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Davis states in his Elementary Meteofology (page 152): “ The average .diurnal 
variations of the amount of vapour in the air are small.” This does not apply to India where 
the diurnal variation at many stations is occasionally not only large relatively to the mean 
amount, but is also large absolutely. For example, the amplitude of the diurnal variation 
of aqueous vapour at Belgaum, Poona and other stations in the hot weather months is 
nearly twice as large as that of the total air pressure. 

Types of the diurnal variatton of aqueous vapour pressure. — Angot and Von Bebber 
, recognise two types of diurnal variation of aqueous vapour pressure, the first having a 
a single maximum ahd''illmimum and the second two maxima and minima. 

The preceding discussion suggests that in India the diurnal variation of aqueous vapour 
pressure at different localities arid for different seasons nlay be arranged in four types. 
This conclusion is fully verified by an examination of the actual curves given in the 
memoirs. 

• The simplest type is that in which the variation consists of a single oscillation, the 
minimum in The early morning at about4 A.M. and the maximum in the afternoon usually 
from 4 P.M. to 6 P-.M. This type is chiefly 'exhibited at coast stations, c.g., Bombay, 
Kurrachce and Aden. This may be designated for convenience as type A. 

In the remaining types (designated as types B, C and D) the variation consists of a 
double oscillation e.g., an early morning oscillation and a day oscillation. The first type of 
this form, (type B) is characterized by two oscillations of approximately equal amplitude 
(n type C the amplitude of the early morning oscillation is larger than that of the day 
oscillation, and in type D the amplitude of the day oscillation is large and that of the early 
morning oscillation is small and in some cases almost evanescent. The following sums 
jjp the above ; — 

- Type A, — Single or 24*hourly oscillation,- the amplitude of which differs consider- 
ably with seasons and locality. 


Type B. — Double oscillation of approximately equal amplitudes. 

Type C. — Double oscillation, the amplitude of early morning being markedly lar- 
ger than that of the day oscillation. 

typc-D. — Double oscillation, the amplitude of the day oscillation being large and 

(tV.at of the early morning oscillation small. 

A.nnual'VClVictiiW.l' — The annual variation of the amount of aqueous vapour pre- 

■'■-M.bft air is very pronounced* li?. India. Curves representing the annual variation for 

sertl tn wTS..,, . stations in Inclua arc given in Plate XXIII, The variation is deter- 

fifteen represenfat ' influence of the dry and wet seasons or monsoons. In the dry 

mined by the alternating im. ' q{ yapour is hence small over the whole of the 

season land winds obtain, an t e a... in the air accompanies 

interior A rapid increase of the amount oi . f .i, .. 

interior, . ^.|’nd the air over a large part of the coutt- 

^-nsoon continues in full intensity. 


the setting in of the wet or south-west monsoori' 


tn' is more or less nearly saturated so long as that mou. 

^ . 1 1 . 1 • _ O i 


1 1 xi • n « conditions of the two 

, The curves show very clearly the influence of theo,,.... ^ ^ 

periods, the dry and wet seasons in India. They also indicate that the E'’ y 

full influence of the south-west monsoon decreases considerably on proceeding - ^ ^ 

coast districts to the Punjab. The curves representing the annual variation of aqueous' ■ 

vapour in Plate XXIII indicate that the minimum values occur iri January or February. 



j28 discussion of THE RESULTS' OF THE- HOURtV OBSERVATIONS 

The aqueous vapour pressure decreases with elevation slightly, rtiore, rapidly, in per': ' 
centage amount than the total aif pressure. The rate of diecrease is least in the rainy: 
season and greatest in the height of the dry season when there is little or no indraught" 
across the coast districts. 

The following gives a few examples; — 


Vapouh pressme. 



Air pressure.. 


Leh . 



Deesa . 



Mount Abu 

• 

. 

Nagpur . 

• 

• 

Pachmarhi . 

• « 

• 


July. , 

Januiiry. 

tr . 

Inches. 

•8s 

29 ‘ 33 ' 

' '53 

23*10 

•26 


•83- 

29‘54 

•64 

26*12 • 

•Si 

28-96 

•67 

26-52 


• Inches. 

- ’. 2p-pl 

' 23'p6 • 

' Tp'Sp 
, sp;2S . 

’■,25-96'' 

2B-63 

. 20-33 


Inthes.' 

'2p-77:, 

rg-fe ' , 
29 ‘j 4' 

■- '25-81 ■■ 
■'28•s6'• 
26-20 ^ 


The preceding remarks gfve the most' important points m the seasonal distribution' of 

aqueous vapour in India. The most noteworthy -features are as follows 

■ • ' ’ * ' . 

{i) The horizontal seasonal changes of A’apour pressure and air pressure are, ' 

roughly proportional at both hills and plains stations^ ■ ' ' 

(2) The vertical changes of vapour pressure are 'more rapid than those of air'pres* -' 

sure. ■ ‘/‘[.i 

(3) The changes from the dry monsoon to the south-west monsoon are' relatively, 

greater in the interior than in -the coast districts and at moderate elevations ' 
than at sea level. ' . ■ , ' ' - ’ 

DiuiVtal 'variation— now proceed to examine'ihe more- mpdrtant features , ; 
of the diurnal variation of aqueous vapour pressure in India during. different seasons of the-;^ 
year plotted as curves in Plates -XXV to XXX. Stations having similar, laws of variatio^ 
are grouped together and arranged according to' the four ,types (A, B, C and dc-- 
scribed in -page 125. The data’ folr'these groups are plotted in Plate XXI.V. ■ 'J' - 

The COld> tveatfier 2 f 6 ri 0 cl- i(First half of. the jm(^on;;v-'2Ji.7/A.,;-2Jhe' 
aqueous vapour present in'theair is usually a nj/ffunuTfi-'^-cr'tfie whole of India. ■ InNorth- 
ern and Central India winds, of *land -orig!!:v^;;^e\^ir(frora westerly and northerly directions), 
and hence the air is very dry. In J'^<r,e^’enmsula lyinds'are from north-east to east and are- 
the continuation of the gentle<^jl j^Ovement from north-east over Bie Bay.- Th6 amount 
of aqueous vapour is hence in the .'Peninsula . than- in Northern ladia andnncreases 

southwards and is largest kf,' Southern India.’ ^Northerly land wind.s prevail in -Bur- 
■ in Northern India. ' Land/ and .sea Tre’eb's Alternate regularly on the west coast 

Peninsula a^^gjve a largish diurnal range of aqueous vapour pressurp. 

Bengahafid-'^^Scan -Coasts the wind shifts t'O'sBme metit dufing th,e-day,but ■ . 
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as a rule, does not affect the aqueous vapour pressure to any considerable extent. The 
only disturbances during this period are cold weather storms. These storms modify for 
short periods the humidity conditions. The air is always damper in the advancing semi- 
circle of these storms, due in part to shift of winds and in part to rainfall. It is, on the 
other hand, generally very dry in the rear of the storm where north-w'esterly winds bring in 
large masses of air descending from the Baluchistan and Afghanistan plateaus : — 

The following table gives data of mean vapour pressure of the period for the larger 
political divisions of India 


Table Ll. 



Avcraob aqueous vatour peessuee m 

Azea. 

January. 

February. 

Period, January 
and February. 


r 

0 


Punjab 

■26a 

•273 

•268 

Sind «««••• 

•290 

•3*0 

•30s 

Raiput.ana 

’26; 

.•251 

•259 

North-Western Provinces and Oudh 

'*99 

•298 

•299 

Bihar 

•380 

•368 

•374 

Central India .... 

♦*89 

'370 

•280 

Chota Nagpur . . . . 

•268 

•*S3 

*261 

Bcngfil 

*445 

•479 

•462 

Central Provinces .... 

• 33 * 

• 3»5 

• 3*5 

Berar 

•3*0 

•28s 

•303 

Deccan 

•481 

*494 

•488 

Burma ...... 

•584 

•612 

•598 

South India ..... 

•491 

•497 

•494 

Hiil stations Kashmir ... 

•113 

•ltd 

•t«5 

Hill stations Punjab andJNorthWcst- 
ern Provinces Himalayas. 

’I59 

•167 

•163 

Hill slations Sjkkim Himalajms . 

*226 

•230 

•228 


Diurnal variation, type A . — The diurnal variation at the stations on oir near the sea 
:oast, more especially Kurrachee, Bombay and Trivandrum, conforms to the first type A. 
The following table gives data of the hourly variations of the mean aqueous vapour 
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pressure from the mean of day. The curve of diurnal variation representing this type is 
plott ed in figure i, Plate XXIV : — 


Table Lll. 


Hour, 

Variation from 
mean of day. 

Hour. 

Variation from 
mean of day. ^ 





f 



1 


t 

Midnight 




+•0096 

Noon 

• 



—■0202 

I 




+•0038 

J 3 

. 

. . 

• 

— 0059 

2 t 



« 

—•0038 

14 

t 




3 




— '0148 

«S 

• 

• *. 

a 


4 




— *0266 

j6 

• 

• 

» 

+■0295 

s 




—•0369 

>7 

• 



+•0340 

6 




— •o 4»3 

18 

* 

• 


+'0396 

7 



t 

—•0404. 

19 

* 


• 

+•0439 

8 



• 

—•0342 

20 

. 


« 

+'0438 

9 



« 

—■0317 

21 

• 

• . • 

• 

+'0383 

10 , 



* 

—•0303 

22 

• 

• • 


+•0270 

tl 




—'0264 

23 

• 

• 

• 

4 ’0157 


The following gives data of the maximum and miuimnm values of the variation . for / 
each of these stations and for the group of stations 


Statiok. 

MORNING OSCILLATION. 


Amph^i.de. * 

Mihimum. 

Maximum. 

Epoch. 

Variation, 

Epoch. 

Variation 




■mm 

0 


» 

<! 

Kurrachee . , . 

• 

• 


~'° 37 S 

8 r.M. 

+'045® 

• o%l 

Bombay . . . 

• 

• 


—•048s 

4 - i > 

+ 0525 

■toio ’ 

Trivandrum . . . 

• 

• 


—•0424 

8 „ 

+ 0508 

•0932 

Mean of group 

• 

• 

6 A M. 

—•0423 

7 r M. 

+•0439 

■0S62 


The diurnal variation of aqueous vapour pressure at these stations be.ice consists' of 
a single oscillation, the minimum epoch of which is at about 6 A.M. and the maximum at 
7 P.M. The amplitude differs slightly in amount at 'these stations and averages •086/'' the 
mean pressure for the stations being •551". the variation at these stations is due chiefly 

to the alternating action of the land and sea breezes which obtain at these stations during 
this period. 

Diurnal variation, type 5 .— The diurnal variation belongs to the second type (B) at 
t e great majority of the interior stations in Northern and Central India. The amplitude 
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of the variation is not large and the variation consists of a small night and small to 
moderate day oscillation. The following stations belong to this type : — 


Lahore. | 

Rangoon. 

Chittagong. 

Trichinopoly. 

Jubbulpore. 

Aden, 

Lucknow. 

Jaipur. 

Agra. 

j Roorkee. 

Allahabad. 

Dhubri. 

Hazaribagh, 

Deesa. 


The following table gives the hourly variations of the aqueous vapour pressure from 
the mean of the day on the average of all those stations (excluding Aden), The curve 
representing the diurnal variation at these stations is plotted in figure 2, Plate XXIV 


TaIsle LIII. 


Hour. 

VsrUtion from 
mean of day. 

Hour. 

Variation from 
mean of day. 


- 



• 






* 

Midnight 

• 

• 


+•0041 

Noon 





+■0005 

1 




+•0009 

‘3 





’—*0x05 

2 • 



• 

—■0025 

14 





'-■0174 

3 



• 

—•0074 

15 



• 


>—'0172 

4 


« 

• 

—•0130 

16 


* 

« 


WOI02 

5 



• 

—■0174 

J 7 


• 

• 


+■0007 

6 

« 



—■0173 

iS 

• 


* 


+•0112 

7 

• 


0 

— 01 IS 

19 

« 

* 

« 


+'0i8t 

8 

• 


• 

— -oois 

20 


« 

• 


+ •0201 

9 




+•0084 

21 


« 

• 


+•0179 

xo « 


• 


+•0130 

32 


• 

* 


+•0132 

-ir . 

• 

• 


+ 'oogg 

*3 

• 

• 

• 


+•0082 


The curves of Roorkee, Rangoon and Trichinopoly for January and February {vide 
Plates XXV, XXVI and XXVII) may be cited as' representative curves of this type of 
variation in different parts, of India.. The following gives the epochs of. the maxima and. 
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minima values, the variations of the maxima and minima from the mean and the amplitude 
of the mean diurnal variation for each station of this group : — 


Station. 

Morning 

1 OSCILLATION. 

AfTCRNOON OR EVPNlNa 
OSCNLATJON 

s 

AvptiTurs 
ORDIUK Al 
PAKGE, 

1 

1 


Maximum. 

Mintmuiu. 

Maximum, 



epoch. 

Vatialion 

npoch 

Vanation. 

Epoch 

Variahofi 

. 

Lahore 



6 

A.&I. 

f/ 

—•0219 

10 

& M 

0 

+•0158 

3 r.M. 

—0144 

7 

T M. 

r 

+'0253 

■0472 

Roorkce . 



e 

’< 

—*0212 

II 

it 

+'0227 

3 11 

—•0147 

7 

tf 

■h-oiCS 

‘‘HN 

Jaipur . 



s 

•' 

—0175 

11 

it 

+ •0060 

2 0 

—•0102 

E 

II 

+ 0285 

’04()6 

Agra . 


. 

7 

!• 


tl 

tt 

— ‘0026 

3 „ 

—'0317 

E 

It 


•0313 

Lucknott . 


• 

6 

tf 

—028s 

10 

i* 

•f* oi 86 

>> 

—•0081 

7 

” 

+ •0239 

'0324 

Allahabad . 



6 

ir 

—‘0231 

11 

tt 

+'0059 

2 1, 

—•0115 

6 

ft 

+- 035 J 

c 5®3 

Hazaribagh 



5 

}i 

+•0020 

8 

it 

+ ‘OIOO 

3 u 

— 0240 

3 - 

30,. 

+'0145 


Jubbulpore 



5 

If 

—*0232 

IX 

u 

+ 0052 

2 II 

— '0087 

7 

tf 

+ 02B3 

•P 5 ‘S 

Dhubri . 



6 

It 

-"*0214 

It 

II 

+ 0218 

3 ‘1 

— -01591 

XQ 

it 

+•0194 

'0433 

Chittagong 



6 

t> 

—•0351 

to 

II 

+ 0245 

2 II 

—•0147 

8 

>» 

•f '022! 


Tnchinopoly 



5 

II 

— 'OOH 

9 

II 

+’0246 

5 it 

— •0*569 11 

tt 

+ ’0260 


Deesa 



S 

fi 

— "ooSo 

XX 

II 

+‘0110 

3 „ 

0080 

7 

n 

+'oo9o 

■0150 

Rangoon . 



5 

f> 

— 0207 

9 

II 

+•0347 

2 ,, 

— 0620 

9 

!• 

+ 0500 

•IJ20 

Aden 



s 

fi 

— 0026 

9 

tt 

+' 013 ii 

4 - » 

—0268 

9 

II 

•fOIS2 

0420 

Mean of group . 


s 

A M. 

—•0174 

10 

A.M. 

+*0130 

2 r M 

— -0174 

8 P.M. 

+'0201 



The double oscillation at the stations in the interior of Northern India is due to tile 
superposition of a slight to moderate convective action (of about ten hours period) on 
the actions of evaporation and diffusion (of twenty-four hours period). 

The double oscillation at the coast stations of Chittagong and Aden is probably 
due to a somewhat different combination of actions, 

Diurnal variation^ type C , — The diurnal variation conforms to the type C, a double 
oscillation in which the second or afternoon oscillation is very feeble, in the case of the 
stations of Sibsagar, Goalpara, Patna, Bellary and Nagpur. 

The following table gives the mean variation of the aqueous vapour pressure from the 
mekn of day for these stations, The curve of diurnal variation of this type is plotted in 
figure 3 , Plate XXIV i— 
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The representative curve shows that the variation consists of a large morning oscilla- 
tion and a very small afternoon oscillation. The aqueous vapour pressure at these stations 
has its absolute minimum value at about 5 A.M., A rapid increase occurs during the next 
four hours followed by a moderate fall, 11 A.M. to 3 p.m. and thence by a slow fall during 
the remainder of the 24-hour period. T he following table gives comparative data •. — ■ 


Stat:o«. 

MORNING OSCILLATION. 

AFTERNOON OR EVENING OSCILLATION. 

Ampmtudi. 

Miniuum. 

Maxsuum. 

Minimum. 


E/Kich. 

Variaifon, 

Epoch. 

Variatton, 

Epoch. 

Variation. 

Epoch. 

VanatioQ. 



tt 




r 


u 

tt 

P-itna 

5-30 

—■0365 

11 A.M. 

-p-ot7o 

2 P.M. 

+•0040 

6-30 P.M. 

-)-‘021S 

•0580 

Bellary 



10 H 

-P’049o 

6 

— '02C0 

• 


•0750 

Nagpur 

5-30 A-M- 

—•0225 

0-30 P.M, 

+•0175 

S-SO.. 

•I-‘oo45 

8 „ 

+ •0070 

•0400 

Sibsagar . 

6 ij- 

—0527 

Noon. 

+ •0343 

3 »» 

+•0209 

6 « 

+•0296 

•0870 

Goalpara 

6 

—•0133 

It A*M. 

+ •0332 

7 .. 

—•0148 

11 » 

— •0019 

•04B0 

Mean . 

s .^.M. 

—•0244 

It A.M. 

+•0278 





■0322 


At these stations the 24-hour variation due to evaporation is of large amplitude 
, whilst the variation due to convective action is small. 


Diurnal variation, type D . — The diurnal variation of aqueous vapour pressure 
of the stations of Poona, Belgaum, Cuttack and Calcutta (all of which are at a 
moderate distance from the sea and within the limits of the sea and land breezes but near- 
the outside verge) and Leh and Pachmarhi belongs to the fourth type D, in which the 
day oscillation is large and the early morning oscillation is of small amplitude and almost 
evanescent. 

The following table gives mean hourly variation of the aqueous vapour pressure 
from the mean of day deduced from the data for these six stations. The curve represent- 
ing the diurnal variation of this type is plotted in figure 4, Plate XXIV ; — 

Table LV. ' 


Hour. 

Varhtion 

from 

mean of day. 

IIOUK. 

Variation 

from 

mean ofday. 

Midnight, 

u 

-t-0183 

Noon. 

—•0237 

1 

+•0158 

»3 

-•0329 

2 

4 -‘oi 29 

14 

—0388 

3 

-P‘oo 87 

. 15 

—•039s 

4 

+■0042 

j 6 

—■0330 

5 

+•0016 

17 

*0190 

-c . 

+•0022 

,18 

— .0006 

7 

+*or 47 

19 

+ •0168 • 

8 

' 4 - '2060 

20 

+•6280 

5 

+•0034 • 

!2X 

+ 0307 

to 

—'0034 

22 

+ •0274 

tt 

—•0133 

23 

+•0223 
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The important feature of this type is a large day oscillation, the minimum of whit h’" 
is at about 3 P.M., and the maximum at about 9 P.M. The early morning oscillation is 
almost evanescent. It gives a very slight increase of pressure from 5 A.M. to 8 A,M,( , , 
The following table gives the epochs of the maxima and minima at the six/ 
stations, the diurnal variation at which is of the type D 


m 

Station. 

Morning oscillation* 

Day oscillayioh* 

t 

X 

AnpITtodt* 

I 

Minimum 

Maximum 

Minimiimt 

^^axlraum, 

Cpoch. 

Vanahon 

epoch* 

Vanalion 

Cpoch 

Vanation 

lipoch. 

VariaUoo 



if 


0 


t/ 


■ 

a 

< 

Bclgaum . . . 

3 AM 

—’0002 

7 A M. 

L057 

2 r*Mr 

— ’0708 

8 r.M. 

-t-'0730 

• 43 S 

Poona. . • . . 

5 »' 


8 

+ •0228 

2 » 

-•0193 

10 ,, 

+ 0310 

‘0S35 

Cuttack .... 

6 11 

-F'0002 

9 » 

-f 0088 

3 »» 

—0752 

9 « 

+•0442 

•1194 

Calcutta .... 

6 „ 

-0034. 

8 

-l-'OOOI 


—0540 

8 „ 

+-041D 

•0930 ' 

Lch 

6 .1 

— 'oiCi 





2 .. 

+’0207 

'0308 

Pnchmarki . . 

1-30 .. 

s 

1 

8 „ 

+‘0l.)0 

4 .> 

-otSo 

9 .. 

+ ’0030 

■0320 

Mean . < . 

3 A.M. 

-p'ooiO 

8 A.M 

-f 0060 

3 rv 

-0393 

p PM 

•f'0307 

•0?02 


\ ^ 

The diurnal xariation at the four plains stations is the resultant effect of the actions 
of evaporation and diffusion, of convective air movement, and of the alternating air more* 
ment of the land and sea breezes. The last is probably the most important factor. 
The day maximum occurs about three hours later at these stations than at the correspond' 
ing coast stations. 

The hot iveather period. (Second half of the dry monsoon).— The condi- 
tions during this period resemble those of the preceding period to a considerable extent 
Land winds prevail over the greater part of the interior from mean directions differing little 
from those of the cold weather. The increasing temperature, however, not only increases 
the horizontal air movement, but also the convective movement and the interchange be* 
tween the plains and hills in Northern India. Local sea w’inds set in across Bengal 
and North Bombay coasts in March. They increase in strength sTid extend further into 
the interior w ith the increasing intensity of the thermal conditions in April and May. Hence 
in the interior of India the chief effect of these Jipt weather conditions and- actions is to 
increase the amplitude of the diurnal changes of the aqueous vapour pressure without 
modifying appreciably the genera! o 1 the representative curves. The law of 

variation is, on the other hand^ .liodTticd considerably at stations which come under the 
pfluence of the 
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The following table gives mean data for different provinces or areas: — 


Table LVI 


Area. 

Norual mean aqueous VAFOUR FRESSURE in -I 

March. 

April. 

May. 

Period March 
to May, 









0 

¥ 


Punjab . 

. 







•421 

•488 

’423 

Sind . . . 

• 







•548 

•669 

•554 

Rajputana . . 

• 







•363 

•Sio 

•396 

I North-Western Provinces and Oudh 







•345 

‘474 

•385 

Bihar . . 







*419 

*522 

•729 

•557 

Central India . 




• 



•299 

•30S 

•395 

•334 

Chota N.agpur . 




« 



*284 

•303 

•476 

•354 

Bengal 




• 



■621 

•7SS 

•858 

•746 

Central Provinces . 




• 



•326 

•352 

•440 

•373 

Bcrar . ' . . . 




• 



'292 

•301 

■417 

•337 

Deccan . . . 




• 



•567 

•646 


•637 

Burma ■. . 




• 



•721 

•826 

•B87 

•811 

South India . . 




• 



•562 

•654 

•698 

CO 

Hill stations Kashmir 



. 




•167 

•219 

’280 

*222 

Hill stations Punjab and Notlh-Westcrn Prov 

inccs Himalayas 


•235 

•288 

•24t 

Hill stations Sikkim Himalayas . 

• 

• 

• 

• 



•350 

•452 

•360 


Diurnal variation, Jypc A . — The first group in which the diurnal variation of aqueous 
vapour pressure during this period is of the type A, comprises the stations of Kurrachee, 
Bombay and Trivandrum. 

The following table gives mean hourly variation data for this group of stations. 
The curve representing the diurnal variation at these stations is plotted in Fig. 5, 
Plate XXIV • , 


Table LVII. 


Hour. 

Variation 
from mean 
of day. 

Hour. 

Variation 
from mean 
of day. 





¥ 






ri 

Midnight 

* 

• 

. 

+ 'ooSC 

Noon 



• 

— *0111 

1 

• « 



4 - '0051 

»3 





— * 00 X 0 

2 

• • 



— ’0007 

14 





+'0032 

3 . 

• • 



— •oo ;'3 

15 

• 



. 

+■0095 

4 . 

• * 


• 

—•0162 

16 

« 




+•0113. 

5 . 

• * 


« 

— ‘0202 

17 


¥ 



+•0126 

6 . 

• « 


• 

—•0200 

18 

« 

• 



+•0155 

7 . 

« « 


• 

-• 01 S 7 

>9 


• 

• 


+■0197 

8 . 

■ « 

• 

• 

— ‘0150 

20 


• 

• 

• 

+'0226 

9 . 

• » 

• 

• 

— 0169 

21 

4 


4 


+■021 S 

10 

• » 


• 

—■0225 

22 



• 

• 

+ •0176 

X] 

« * 



—•0180 

33 



• 

« 

+•0129 


Q 














136 DISCUSSION OF THE RESULTS OF THE HOURLY OBSERVAflONS 

The variation consists of a single oscillation, the maximum of which is at 8 P.hu and 
the minimum at 5 A.M. or 10 A.M. There is a very slight increase from S A.M. to 8 a.M. 
The variation at these stations is chiefly due to the varying strength of the local in- 
draught from the sea to the land. 

Diurnal variation, type B . — The diurnal variation of aqueous vapour pressure 
belongs to type B (double oscillation of nearly equal amplitudes) at the following group 
of stations ; — 


(8) Dhubri, 

(9) Nagpur, 

(10) Jubbulpore, 

(11) Aden, 

(12) Pachmarhi, 
and also at 

(13) Leh 

The variation is very slight at tlie two hill stations. 

The curve representing the diurnal variation of aqueous vapour pressure from the 
mean of the day on the average of the eleven plains stations in the preceding list is plotted 
in Fig. 6, Plate XXIV from the data of the following table ; — 


(1) Lahore, 

(2) Rootkee, 

(3) Agra, 

(4) Lucknow, 

(5) Allahabad, 

(6) Patna, 

(7) Jaipur, 


Tadle LVIII. 


Hour. 

VanatJon 

from 

mean of day. 

Hour. 

Varhdon 

from 

mean of day. 





c 





w 

Midnight 

f 

« 

• 

+•0066 

Noon 

• 

» • 

• 

—•0060 

t 

* 


• 

+‘0050 

t 3 


• • 

• 

—•017a 

2 • • 

• 

• 

• 

+•0032 

14 


• • 

< 

—0275 

3 • • 


• 

• 

—'0014 

*5 


• • 

• 

—•0343 

4 • 

• 

• 

• 

—’0027 

lO 

• 

• • 

• 

—•0342 

5 • • 


• 

« 

+*ooto 

*7 


• • 


1 

0 

tn 

CO 

6 . . 



• 

+*0096 

18 


• « 

• 

—• oij 6 

7 • 


• 


+'oigi 

19 


» * 

• 

+•0028 

S . . 

• 

« 


+■0245 

20 

• 

• • 

• 

+ 0 U 9 

9 . 

« 


• 

+•0231 

21 


• • 

. 

+-OJ 39 

to • 

« 

• 

• 

+ 0158 

22 


-* 4 

• 

+•0X15 

It . 

• 


• 

+’0053 

33 



• 

+•0084 
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The following gives data of the epochs and amplitudes of the double oscillation at 
each of these stations : — 


Table LIX. 





Morning oscili-atiom. 

Afternoon and Evening oscillation. 


Station. 


Minimum. 


Maximum. 

Minimum. 

Maximum. 





Epoch. 

Vanation. 

Epoch. 


Epoch. 

Variation. 

Epoch. 

Variation. 

■ 





A 



u 


» 


If 

ti 

Allahabad . 

• 


Mid. 

+•0063 

7 

A.M. 

+•0372 

3 P.M. 

—•0499 

9 P.M. 

+•0117 

•0871 

Agra . 


• 

4 A.M. 

+•0028 

7 

if 

+•0159 

3 » 

—■0437 

9 » 

+•0282 

•0719 

Lucknow . 


• 

4 

— '0162 

9 

it 

+•0310 

4 .. 

—•0204 

9 1 . 

+'coS9 

•0514 

Lahore . 


• 

4 

— '0060 

8 

u 

+•0262 

3 i> 

—•0521 

8 

+•0374 

•0895 

Patna . . 

.. 


4 H 

— ‘0128 

9 

if 

+•0325 

5 ** 

—*0272 

ID 

+•0034 

■0397 

Roorkee . 

> 

» 

3 1* 

+'•0004 

8 

tt 

+•0326 

3 tt 

—•0399 

9 it 

+■0089 

•0725 

Jaipur . 


• 

3 Ji 

—•0032 


it 

+•0383 

4 »» 

—•0368 

8 „ 

+•0100 

■0751 

Nagpur . 


* 

4 » 

—•0025 

9 

it 

+•0305 

S n 

— *0240 

I A.M, 

+•0025 

■0545 

Dhubr'i . 

•. * 


4 - »» 

—•0184 

II 

it 

+•0160 

4 .. 

— *0192 

n P.M. 

+•0205 

•0397 

Jubbulpore , 

• # 


S 

+‘0045 

-8 

a 

+•0132 

3 » 

—'0363 

9 » 

+•0230 

'0593 

Aden . 

• f 

• 

4 .. 

+•0062 

9 

It 

+ 0241 

4 » 

—0498 

ID „ 

+•0189 

■0739 

Paebm-arhi . 



1-30 » 

— oois 

8 

it 

i- 0140 

4 » 

—*0180 

9 » 

+■0030 

•0320 

Leh 

• ■ • 

« 

4'30 « 

—■0065 

0-30 P.M. 

+•0055 

4 it 

—■0050 

,10 „ 

+■0030 

•0120 


.Mean 

« 

4 A.M| 

— '0028 

8 

, A.M, 

+•0221 

4 PM. 

— 0307 

9 P.M. 

+•0122 

■0528 

Mean (excluding 
Pacbmarhii. 

Aden 

and 

4. .. 

*0027 

3 

a 

+ •0245 

3-30 >. 

—0343 

9 » 

+•0139 

•0588 


The data of the preceding two tables indicate that the variation consists of two osciK 
lations, a morning and an afternoon oscillation, the former generally considerably feebler 
than the latter. The minimum of the morning oscillation is at 4 A.M. on the average of 
all. stations and the maximum (more variable) at about 8 A.M. The minimum of the 
afternoon oscillation is at 3-30 P.M. on the average of the plains stations and the maxi- 
mum at 9 P.M. 

The chief feature of the diurnal variation at these stations during this period is the 
large afternoon variation, and more especially the large minimum at 3 P.M., It is evidently 
an effect of the vigorous convective- movement of 'the period, and a reference to the- 
monthly curves of aqueous vapour pressure given in the Indians Meteorological Memoirs, 
vols. V and IX, rvill show that the amplitude of this afternoon variation increases 
during the season with the increasing intensity of the thermal conditions and. of cop.- 
vective action, , ' ... 

Diurnal variation^ type C . — The diurnal variation of vapour .pressure is of type C-. 
(a double oscillation, the morning oscillation being of large amplitude and the afternoon, 
small and almost evanescent) at Sibsagac, Goalpara and. Chittagong.. 

Q_Z: 




















138 discussion of the results of the hourlv observations 

The following gives mean hourly variation data for tliis group of stations. The data " 
are plotted in Fig. 7, Plate XXIV : — 


Table LX. 


'Hour. 

VariaUott 
from mean 
of day. 

Hour. 

Variation 
from niflan 
of day. 









Midnight 



“'0070 

Moon 


• 

+•0214 

1 . • 



— oti3 

>3 

• • 


+•0157 

2 . • 



— 0171 

»4 



+•0114 

3 • 



—■0248 

«S 


• 

+ 0097 

4 • 



—'0319 

j6 

• 


+‘0105 ’ ‘ 

s • 



-' 0.352 

■>7 



4 -'oii 9 

6 . 



—•0313 

18 

• 

* 

+ ‘0t25 

7 . 



—•0193 

t 9 

• 

• 

+'OIlp 

8 



— *0007 

20 

• 

• 

+ •0090 

. 



+•0134 

21 

• 

• 

+‘oo6t 

to . 



+'0230 

22 

• 

• 

+•0014 

It « 



+■0254 


DH 

BH 

— 0035 


The following gives the maximum and minimum epochs 
oscillations > 


and the amplitudes of the ttto 


Station 

Mornino osciclation. 

ArrerKOON 

OSCIUMIOK. 

( 

AiiaiTUDE, 

Minimum. 

Maxjtnuin. 

Minimum. 

Maximum. 

Epochi 

Variation. 

Epoch. 

Variation. 

‘Epoch. 

Varialioti. 

Epoch. 

Variation. 



ft 



■ 

» 



» r 

Sibsagar .... 

5 A.M. 

—0479 



H 


7 "p.M. 

.+■0260 

• 0739 * 

Goalpara .... 

5 » 

—•0205 


+•0352 

■ 





Chittagong .... 

5 .. 

—■0373 


+•0257 

BD 

+•0028 

7 P,M. 

+■0183 


Mean . 

5 A.M. 

—0332 

XI A.M. 

+•0254 

3 

+•0097 

<5 f.M. 

+•0125 

•1S606 


The minimum of the morning oscillation is at 5 A,M. and the maximum at n A*^t' ’ 
The amplitude of this is very approximately ’061", The minimum of the afternoon, - 
oscillation is at 3 p.M, and the maximum at about 6 P.M. The amplitude or range of 
variation in this period is less than 'qi". 

The actions producing the varjation at these stations are the same as in life case of _ 
previous group, (i) evaporation, (2) diffusion and (3) convective movements, 
he action of evaporation is very pronounced and the convective movements are feeble ' , 
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in the Assam Valley. Hence the peculiar features of .the diurnal variation at this group of 
^stations are the large morning oscillation and very small afternoon oscillation. 

Diurnal variation, type D . — The diurnal variation of aqueous vapour pressure is of 
this type at the two following group’s of stations 


xst. group. 


2nd. group. 


Rangoon. 

Trichinopoly. 

Bellary. 

Calcutta. 

Aden. 

Hazaribagh. 

Peesa. 


Cuttack. 

Poona. 

■JJelgaum, 


The variation at these stations consists of a double oscillation, the morning oscillation 
being of small amplitude and the afternoon of largish amplitude. The afternoon oscilla- 
tion is of ' exceptionally large amplitude at the second group of stations which are all 
situated near the sea coast (at distances varying between 40 and 60 miles). 

The following table gives mean hourly variation data for these two groups of stations. 
The data are plotted as representative curves in Fig. 8, Plate XXIV ; — 


Table LXI. 


Hour. 

Variation prom 

MEAN OF DAY. 

Hour. 

Variation from 

MEAN OP DAY. 

1st. group. 

2ad. group. 

1st. group. 

2nd. group. 





H 

n 






u 

0 

Midnlglit 




+'Oigi 

+•0565 

Noon 

. 




—•0283 

— 'X04.2 

1 . 




+•0226 

+•0515 

13 





—■044s 

—•1125 , 

2 




+U3236 

+■0433 

14 





— •OS 47 

— •1067 

3 




+'0217 

+•0351 

IS 





—•0588 

— '0864. 

4 




+ •0202 

+•0311 

16 





—•0568 

—•0536 

■5 




+•0224 

+•0320 

17 




• 

—•0474 

—•0142 

6 




+•0316 

+•0333 

18 





—•0317 

+ •022$ 

7 




+•0409 

+•0274 

19 





—•0136 

+•0485 - 

8 




+■0448 

+•0093 

20 




• 

+•0013 

+•0609 

9 




+•0371 

— •0198 

21 





+•0101 

+•0630 

10 • 




+•0182 

—•0534 

23 





.+•0137 

+‘o6to 

ax 

* 

• 


—•0061 

—083s 

23 




• 

+•0159 

+ 0589 
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* A- ’* 1 

The following table gives the epochs of the maximum and minimum phases mf tW 
two oscillations and the amplitude of each : — . , > ^ 


Tablc LXIl. 


Statiom. 

Moknino oscillation. 

Aptephoon oscillation. 


Minimum* 

t 

Maximum. 

Minimum* 

MaxiiQum* 

— J 




Epoch 

Variation. 

Epoch. 

Variation 

Epoch, 

Varhtioft. 




H 






4 r 

r 

h ''i 



^Rangoon • 

5 A.M. 

-f-'oo44 

8 A.M. 

+•0436 

I P.M, 

—'0734 

8 P.M, 

4-0383 

up 



Trichinopoly . . 

4 .. 

-F‘0293 

8 „ 

4-04-10 

4 tr 

—•0727 

10 „ 

4-0248 

1167 


aT 

Bellary .... 



S 

40474 

4 ti 

— 05S0 


■5 

■»034 


o 

Calcutta' .... 

4 A.M 

-t 01*2 

9 .. 

+ 0388 

3 it 

— ‘0667 

X A M. 

4-0205 

'035 


h* 

tn 

Aden .... 

4 .. 


9 .. 

+•0241 

4* *t 

—•0498 

XOS M* 

4-0183 

/ 

0339’ 


e: 

Ha^aribagh . . 



6 

4* *0462 

3 »» 

—-0538 






Deesi .... 



8 

4-0767 

4 t 

—0665 



•<433 , 



Mean , 

4 A.M* 

+•0202 

8 A M. 

+•0448 

3 V M, 

—0588 

10 P M* 

4-0137 

J035 


s 

yCuttack .... 

4 A.» 

+ 0304 

7 A.M* 

4-0384 

2 r.>x. 

—•1031 

Midn'iglit 

4 0447 

f 

S 47 ^ 



' Poona . . , . 

4 »* 

+ 0417 

5 t* 

4-0420 

I » 

— MI 10 

9 P.M* 

+-0632 

‘J742 


Q 

o 

Belgaum t . . 

4 t* 

+ •0212 

5 »» 

4’0220 

Nooo. 

-•1476 

8 >. 

•40905 

'2381 



Mean . 

4 AM* 

+ 0311 

6 A.M 

40333 

X P.M 


9 P.M, 

40630 

■'755 - 



The diurnal variation of aqueous vapour pressure during this period Js of especial 
interest, more especially in the cases of Poona, Deesa, Belgaum and Cuttack. , The data ' 
lor these stations indicate the very large range of \ aria tion which may occur under a 
combination of favourable conditions. These are, in the present case, large convective , 
' movement and the alternation of breezes of widely different bygromelric quality from the ^ 
land and sea. The combination of this gives a very large decrease during the morning.. 

The south-west monsoon period.— {First half of the wet monsoon' or 
season).— The south-west humid currents gradually extend over practically the whole of 
India during the month of June. That month is hence a transitional period during which f 
the humidity conditions change from those of the dry to the wet season. The change occurs-’ 
earlier at the coast stations than in the interior districts. The diurnal variation of aqueous- 
vapour pressure obtained from the hourly observations for that month is hence a combina- 
tion in varying proportion of hot weather and south-west monsoon conditions. Similarly' 
the monsoon currents commence to withdiaw from North-Western India in the month of ^ 
September, and hence over that part of India the diurnal variation is a combination of 
south-west or wet monsoon and dry monsoon conditions, July and August are henCe j 
the months fully typical of the south West or wet monsoon over India generally'. In 
Plates XXV to XXX aie given curves of aqueous vapour pressure for the months of June 
and September and for the months of July and August for aS out of the sg; stations at 
whtch houtly observations were recorded. 
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The following table gives mean data for different provinces or areas 
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Table LXIII. 


Aria. 

Norual mean aqueous vapour pressure in 

June, 

July. 


September. 

Periot^, June to 
September. 



V 


* 

<r 

0 

Punjab ..... 

* « 

•632 

•8:9 

•899 

'712 

•76s 

Sind 

• • 

•Sog 

•873 

•84s 

•766 

•823 

Rajputana «... 


•700 

•822 

•800 

•70s 

•757 

North-Western Proainces and Oudh 

• « 

•702 

•S90 

•8S2 

•790 

•817 

Qihar ..... 

• « 

•spa 

•£>53 

■957 

•934 

•934 

Central India .... 


•6S4 

•857 

•853 

■78s 

•795 

Chota N.ij^ur .... 


•652 

•Six 

‘799 

•754 

•764 

Bengal . v . . . 


•932 

■947 

•940 

•927 

•937 

Central Pros'inccs . . . 


■707 

•Sii 

•804 

•769 

•773 

Gerar 


•6S0 

•739 

•72s 

•jto 

•714 

Occcan ..... 

• « 

•773 

‘773 

•764 

•757 

•707 

Burma ..... 

• • 

•90S 

•S99 

‘895 

•894 

•S99 

South India .... 

• « 

•703 

•6S9 

•707 

•691 

■69s 

Hill stalions Kashmir . 

. 

•365 

‘457 

•440 

•333 

•399 

Hill stations Punjab and North- Western- V 
Provinces Himalay.a 5 , j 

• 4«6 

'547 

•548 

'460 

•493 

j itntions Sikkim 

• '1 

•SOI 

•604 

■592 

•555 

‘57S 


The most important feature of the aqueous vapour pressure in J uly and August is 
the verj- slight variation in its amount over by far the greater part of In dia. The only area 
in which the monsoon influence is slight are the West Punjab, North-West Rajputana 
and Baluchistan. The following comparative data for six representative stations in Northern 
India show the uniformity of the absolute humidity conditions during this period ; — 


Station. 

Eleratiot) In feel. 

July. 

August. 

Mean of July 
and 

Ancust. 






0 



Rangoon 

. 

• • 


41 

•898 

*902 

'900 

Calcutta . 

* 

• • 

• • • 

21 

•9S0 

•971 

‘976 

Paln.T . 

• 

• « 

• • •» 

•83 

‘9O9 

•971 

‘970 

A11.2habad . 


• • 

« • • 

309 

•941 

‘937 

■939 

Roorkce 

. 

* • 

<* * • 

B87 

,‘ 9 >S 

•901 

•90S 

Lahore . 

• 

• • 

« ■ • 

70a 

•848 

•846 

•847 
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DISCUSSION OF.THE RESULTS OP THE HOURLY, OnSERVATiqiNs';': 


The following gives corresponding data for the relative humidity:;— ^ 


Statioh, 

£fevation in {cct, 

. ' .M'.- ^ 

August* ■' 

, aod ■ 

■is''' Aagujt 

Rangoon . 

• * * ' t 


• • 

.'.■'4. : 

-• . 
93 '^ V. 

53 ' 4 ; ' . 

' / A . t .4 

\ , ' 93 * 3 : V 

Calcutta , 

. 

■ 

» » 


■ 867 ; 

■. ■-87'6--'. 

y'S/'J. 

Patna . , 

. 


• • 

' ' ' '^3 . .. 

• ■' Ss'i- ' 

'■ '8s-6'--V 

.844"'-’' 

Allahabad . 

• » • ■ 


• 

309.. 

■ 797. 

' ,82:5 • ■ 

■ -Sn,. ' 5 

Roorkco . 

» • • • 


• % 

. 837 “ ■ 

79 ' 4 ' .. 

■ 8r6 • : 


Lahore . 

• • 4 « 

‘ 

• 

702 

63‘3 

' ' ' C 7 'o 'A 



Another important feature is the small diurnal range of the-aq'ueous Vapour pressure,'^ 
due to the meteorological conditions of the period. This feature makes it Vorii'eivfe'f 
difficult to classify the diurnal variation at the. 29 stations under, discussion according 
to the selected types. - • . ■ ' i 'Vt 

Dixmittl •aariation, tyf-c A . — The ditfrnal variation belongs to' type A at three groups 
of stations, 7/fr. : — . • 

1st. group. and. group, , 3rd. group. . ‘ 

Chittagong. Sifasagar, . ■ Poona; 

Pachmarhi. Dhubri. - Belgaum. 

Rangoon. ' ' , . 

Bombay. . . , 

The first group includes the coast stations under the full influence, of the soiilWesli- 
monsoon currents. The second group includes the Ass.am stations and the' third group, t,-- 
the West Deccan stations under the lee. of the West Gh&ts. ' The following table, gives,.' 
mean hourly variation data for each, of these three ^oiips of stations [vide Figs.^ lo and' 
11, Plate XXIV). ■ ■ 


• Tadle LXIV. 



■ Variatioa' raojt «bam of oav.’ ■ ■ ■. , 

Hour. 

ist group* 

2hd group.*^ 

; 3rd group. ' 

Midnight • « , ... 

• (f 

■ — 'OioG ■ 

' n 

' , 4- ’0004 

; '—-0051 

I , , , . , 

- — ’oiaO ' ■ 

— '0067. 

— ‘0064 

2 . • . . 

■' '—•0178 

■ —-0154 

, ■ 4 -'oogC 

3 < . • . . ‘ . 

. ^'0317. 

■ '—’0243 . 

— ’oisS' , 

-.4 , 

—•0251 

—' 03 ts ''" 

. — '0104 

s 

■ . 'oslJS . , 

.—’0338' 

• —‘0149 ' ' 

6 

* . * * 

*0233 ' • 

—'0310 ' 

, —'ooSs ' 

'[■] *' ' L ■' '• 

'■ — ‘0146, 

' .. .—’0230 . , ' 

"+•0008 ■ 

'8 . • . " ' ' ; 



■ +'0092 ' 


- —•0027 

—•0137 ■ 
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Table LXIV — concld. 




Hour. 




/ 

Variation from mean of day. 






1st group. 

2nd group. 

3rd group. 

9 


• • 




11 

+•0090 

// - 

~’o 138 

•t 

+ 'o '35 

TO 


• t 




+•0188 

-t-'0042 

+ ’0138 

11 


• • 




-l-'025o 

+■0093 

+ '0122 

Noon 






-f0285 

-b'oil4 

‘01 12 

13 






+•0308 

-P’Qii; 

-t-'oiig 

14 


• • 




-^•0288 


•t-'0I27 

15 


• • 



. 

+-•0233 

-t-‘Ol20 

+•0117 

16 


• • 




-b‘ois6 

- 1 -‘DI 41 

+ ’0079 

r? 


« « 




-f'0056 

-f‘0172 

-P-0025 

18 


• • 


• 


*0014 

-t'oigg 

—*0026 

19 


4 ■ 


• 

• 

—•0051 

-fo207 

—•0057 

20 


« « 

• 

« 


— 0053 

-h’oigo 

— "ooes 

21 


« • 

• 

• 

• 

-•0052 

• •foi 54 

— ‘oofiG 

22 

tt 


« 


• 

—•0058 

-(-■0109 

—•0059 

23 


• 


• 

• 

— ^•0078 

•P'oo6i 

—•0052 


The minimum epoch of the first group of stations is at 5 A.M. and the maximum at 
1 P.M. The variation is similar in character and is parallel with the diurnal variation of 
the winds in the coast districts, due to the slight to moderate heating of the interior during 
the day hours. The mean amplitude of the oscillation is ’057" and is hence small com- 
pared with the mean actual vapour pressure which is ‘851". 

The epoch of the minimum at the Assam stations is also at 5 A.M. and the maximum 
at 7 P.M. At these stations the variation appears to be in part due to local evapora- 
tion and in part to diurnal variation in the strength of the winds. 

In the case of Poona and Belgaum the minimum occurs at 4 A.M. There is at these 
two stations a very slight fall from 10 A.M. to noon followed by a corresponding rise 
until 2 P.M. This is almost certainly the result of slight convective movement in the 
West Deccan superimposed upon the diurnal variation in the strength of the monsoon 
winds similar to that at the coast stations. It is interesting to compare the actual curved 
of Poona and Belgaum for July and August. 

Diurnal variation, type B . — The diurnal variation in this season belongs to type B 
(a double oscillation of nearly equal amplitudes) at the following stations: — 


Lahore, 

Agra, 

Jaipur, 

Deesa, 


Kurrachee, 

Nagpur, 

Bellary, 

Trichinopoly and Leb. 


The following table gives hourly variation data for this group of stations, 
representing the data is given in Fig. 13, Plate XXIV. 


The curve 


Q 




DISCUSSION OF THE RESULTS. OF THE HOURllV .'pBSERVATiON'S 

Table LXV. - ‘ ■; 


Midnight 


Vaiiation from 
m tnn t>{ day. 

■Hour, 

Varutionfrom ' 

^ mean c! day. 


! < V ■>- 

■ . ‘ 

+ *0027 

Noon . 

. ' +'003! 

*-“‘0002 

•' ' • • - * 

• +‘0616 '■ 

—•0045 

14 . ' V . 

—'0003". 

-'•0092 

x 5 • • • ' 

, ,—•0042 

—*0120 

16 . < . - 

'—•0072 

— ‘oioS . 

17 ’ • . - ’ . 

/-■oo; 4 , A 

-*0053 

iS . . . ' 

■ . _-oo 4 o ■ 

+ *oon 

19' . ' - . 

• T'oota . ' 

+*0076 

20 • « * *' i 

+,•0057 • . 

+‘0091 

21 » • ... 

• +'oo;6 
■; ,v. 

-{-*0071 

'22 

' . +-ob 73 - 

+*oo4J 

23 . , • , ' . 

, • +'0034 


The diurn'al variation at these stations is the resultant of tlie actions of evaporation/ 
diffusion and convective movement. At Bellary and Trichinopoly where the convecfiye|'.- 
movement is'moderate in amount, the two oscillations are of nearly equal amplitude. .',.‘\t' ' 
Lahore, on the other hand, where the convective action is, large, the amplitude. of_ the alter* li 
noon oscillation is greater than that of the morning At Nagpur, Jaipur, Agra,' LuckpW;' 
and Deesa, the amplitudes of both oscillations are small, but that of the- morning if, 
slightly greater than that of the afternoon. -The character of the variation hence, depends,,, 
largely upon geographical position with respect to the monsooh-currenls, ’ 

Diurnal 'variation, type C . — The diurnal variation of aqueous vapour pressure' beloftgS;^ 
to type C at the following stations in July and August t — • . , . ’ ' 

Cuttack. Lucknow. •, '■ , Dliubri. ' ■ 

Jubbulpore. Patna. Roorkce, 

Allahabad. Hazaribagh. ‘ Aden. - ‘r 


Table LX VI. 


Midnight 

I . 



—• 01 48 ' 
— -0186 
— 017s 
— •0123 
—•0050 , 
+*ooiO 
, + ooOi 
+•0087 
+•0107 


Variation from meani 
• -of day. . I 


• ■ +*0I2tj 
+ •0134 
+■0115 
+•00 6g 
+-00I5 
, — •DQI4 

. — -0007 . 
' ,+;od2d 
, .-i-'oosf 
'+•0064 ' 
'+.■0045 
+•001 1 
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The curve plotted from these figures is given in Plate XXIV, Fig. 13. 

The aqueous vapour pressure at this group of stations has its minimum value at 4 A.M. 
It thcnce increases to 1 P.M., after which it falls slightly to 5 P.M. and thence increases 
to the secondary ma.\imum at 9 P.M, The total range of variation is '032" or less than 5 
per cent, of the mean vapour pressure of the period. 

The chief factors in determining the diurnal variation at these stations are evapo- 
ration and diffusion. Convective action has a very slight effect at these stations in this 

season. It is shown by tiie slight depression in the afternoon, the maximum effect being 
•02" between 5 P.M. and 6 p.m. 

The Jictveathiff aonih-ivest movsoon period second half of the 
wf/ or south-Tcest KO'isoon ). — During this period the south-west monsoon currents 
gradually withdniw from the Indian land and sea areas and arc replaced by land 
winds, very feeble at first but gradually increasing to moderate strength in December. 
The change usually occurs in tlic third or fourth week of September in Upper India, 
in October over North-Fasiern .and Central India, in November over Burma and 
the South Deccan and Nortii Madr.is and in December over South India. The 
humidity conditions hence change from those characteristics of the humid weather 
of the south-west or wet monsoon to those of the dry or north-east monsoon. Over the 
greater p.art of Northern and Cemnd India the diurnal variation of aqueous vapour is 
similar to that of llie cold weather period, but the range or amplitude is smaller, more 
especially in Nonh-F-astern India. 

Land .and sea bfee?.cs set in on the west co.ast of India during the period. These 
infiuence the diurnal variation considerably, more especially at stations near the inner 
edge of the narrow coast belt over which these aUcrnaiing winds obtain. 

The following t.able gives mean aqueous vapour pressure data of the period for 
different provinces or areas : — 


Taulh LKVH. 


A».rv. 

1 Sor.MA!. .\t«lUVS VAVOUr. IS 

1 O^lobrr. 

j Novfmbtrr. 

1 Dfcfmbrr. 

Perjo^!, Octnl.er lo 
Uccembfr. 

Piirj.'.b 

•• 

■3' 3 

•jGi 

•310 

• 

■SaS 

•374 

•303 

■403 



•5;.:) 

•369 

■335 

NerthAVeCtrr. Prcvincc! iw<5 Oudii . 

•S^» 

•353 • 

•397 

•.■591 



•7:6 

•SOI 

•399 

•543 

Ctn'.r.i) * . 

•s:'3 

'335 

•2?4 

•384 

Cbelr. N.i}’.r.v.r 

•S?.9 

•360 

•374 

•39* 


•SoS 

'(j 05 

■aCi 

•635 

C<n!r.'!) PrJvIncc'. ...... 

'scs 

•3'?'> 

•324 

•439 

lierrif • • 

•S47 

•AOS 

•33s ; 

•,J3C. 

Dfcerin .... .... 

‘rod 

•S9' 

•50.3 ! 

•599 

fiariT'a • 

•8S0 

•7S1 

•651 I 

•771 


•r.;8 

•CoS 

•533 

‘603 

Hil! Ka'litnlr 

•30S 

•160 

•JsS 

•1G5 

liiU i'.r.ti'.n’i PonjaU .\r.d NurtbAVcv.trn Ptovintc-. 
llim.-.Uy.i'! 

•273 

■19.3 

’157 j 

. •30S 

Hiil ‘i.ltilR' .5i'.:V:irn . . . • 

•431 

•301 

'234 * 

'3>9 


0 ~ 
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DISCUSSION OF THE RESULTS OF THE HOURLY OBSERVATIONS 


Diurnal variation, type A — The diurnal variation of aqueous vapour pressure during 
this period is of type A at the coast stations of Kurrachee, Bombay and Trivanclrum 
(vide Fig. 14, Plate XXIV). 

The following gives mean hourly variation data for this group of stations 


Table LXVIJi. 


Hour. 

Variation from mean 
of day. 

Hour, 

Variation Irom mean 
of day. 




M 






♦ 

Midnijght 



-‘••0007 

Noon 





— 'orgr 

I . . 

• 


—*0070 

.3 



• 


— 0019 

2 . , 

• 


— 0154 

14 



» 


. +'0091 


« 


— '0246 

.5 

• 


• 


+•0243 

4 

• 


— 0340 

16 

• 


k 


+•0369 

5 



— ■0416 

*7 

4 


« 


+■0433 

6 



-0440 

16 



• 


+•0477 

7 



— •03O0 

19 



• 


+'0483 

8 



— 02S1 

20 



• 


+■0451 

9 



—'0227 

21 





4*0344 

10 • . 


. 

— ‘O2O5 

22 





-{-■'0201 

n . . 


j 

— 0209 

*3 



• 


4 ‘008 1 

1 


The variation at these stations is practically a single oscillation, the maximum ot 
nhich is at y p.m. and the minimum at 6 A.M. The range is large, averaging '0925 for 
the group. 

Diurnal variation, type B . — The diurnal variation is of the type B at the following 
stations (vide Fig. 15, Plate XXIV) : — 


F-aliore. 

Rporkec. 

Agra 

Lucknow. 

Allahabad. 

Patna. 


Hazaribagh 

Dhubri. 

Deesa. 

Jaipur. 

Jubbulpore 

Nagpur. 


T his group includes ah the plains Stations in the interior of Northern and Central 
India. 
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The following gives mean hourly variation data for this group of stations : — 

Table LXIX. 


Hour. 

Variation from 
mean of 
day. 

Hour. 

Variation from 
mean of 
day. 

Midnight 

• • 



• 

^■•0O27 

Noon 


. 


« 

a 

— ^*0030 

t 

• % 



—•0015 

13 





— ’O142 

2 

■ • 



— 0071 

14 





—•0194. 

3 

• • 



—•0134 

15 





—•0151 

4 

• • 



— •0192 

16 





—■0027 

5 




— -0215 

J 7 






6 


« 


— ‘oiSS 

i8 





+•0220 

7 




—'Olio 

19 





+•0255 

S . 


« 


—‘0001 

20 





+•0226 

9 




4- ‘0092 

2t 


• 



+•0166 

IQ 

• « 

• 

• 

•fooSa 

22 




• 

+■0x08 

Z1 

• « 

• 

• 

+•0076 

23 


• 


» 

+•0061 


The variation at these stations consists of a double oscillation. The minima 
values of the vapour pressure occur a,t 5 A.M. and 2 P.M., and the maxima values at ‘ 
9 A.M. and 7 P.M. 

The amplitude of the variation varies slightly at different stations. 

The following table gives the epochs of the maxima and minima phases, and the . 
amplitude or absolute range at each of these stations : — 


Table LXX. 




XfORNIKG OSCILLATION. 

. 


Afternoon o5cii.i,ation 



Station. 


Minimum. 


Maximum. 


Minimum. 


Maximum, 

Ampii- 

tude. 


Epoch. 

Varia- 

tion. 

Epoch. 

Varia- 

tion. 

Epoch. 

Vari.v 

lion. , 

Epoch, 

Varia- 

tion, 


Jnbbulporc . . . 

5 

A.M. 

—•0375 

10 

A.M. 

»* 

+•0142 

2 


—0154 


u 

+•0299 

•0574 

Nagpur 

5 

f) 

— •019S 

.0 

II 

+•0227 

3 


—•0x30 

D 

■ 

•h'oiso 

•0425 

Allahabad . • 

5 

if 

— '0164 

ro 

II 

•h'oo78 

2 


—•0233 

6 

II 

+ '0391 

•0644 

Agra .... 

5 

ft 

—•0138 

10 

II 

—*0014 

2 


—■0329 

7 

II 

+•0363 

•0692 

Lucknow . . . 

5 

» 

— '0278 

10 

II 

+ ■02X0 

2 

II 

—•0236 

7 

II 

+ •0308 

•0586 

Patna . . . 

S 

t* 

—•0273 

10 

If 

+ •0075 

2 

II 

— '0076 

7 

II 

+ *0260 

•053s 

Haz.aribagh 

5 

ft 

— •ooSfl 

8 

II 

+•0X30 

I 

11 

—•02x9 

8 

II 

+•0262 

•0481 

L-abore . . 

5 

ft 

—■0232 

xo 

It 

+•0220 

2 

II 

—•0310 

7 

It 

+•0366 

•039S 

Dhubri • • 

i 

ft 

—0350 

IX 


+ •0194 

3 

II 

—*0092 

XO 

* 

+•0270 

•0626 
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DISCUSSION OF THE RESULTS OF 'IHE HOURLY OBSERVATIONS ■ 
IableLXX — concld. 



MORNI^G OSCILLMION, 

■ 

Arm t.oo>i 

OSCILLATiO^ 


U 

Stition. 

Minimum 

Miximum* 

Minimutn. 


% ) 

A^nph 

h.d* 


Epoch 

\’ana“ 

tion. 

Epoch. 

Vatii- 

tlOI). 

Epoch. 

Varia- 

tion. 

Epoch 

Varia- 

tion, 

Jaipur 

4 A M, 

n 

— *0220 

9-30 A.M* 

•t 

+•0113 

2 t.&r. 

h 

“0200 

6 P.M 

4 OtOO 

*0620 

Rooikee 

S -30 .. 

—•0305 

10 „ 

+•0320 


— '01 (JO 

6 .. ■ 

+ oigo 

•0525 

Deesa .... 

S 

— 0100 

9-30 ., 

+•0035 

a „ 

O23D 

7 „ 

4 - 0210 

•ago 

Mean 

5 A.M. 

—'02(5 

9 A.M 

+ 0092 

2 P.M. 

-oigjj 7 TM. 

1 

... 

+ •0233 

•0470 


The variation at these stations is evidently chiefly, if not entirely, due to the actions 
of (i) evaporation, (2) diffusion, and (3) convective movement. These actions are 
slightly more vigorous in the Central Provinces and the eastern districts of the Noctli- 
Western Provinces than in the Punjab, Rajputanaand the western districts of the Noitb-^ 
Western Provinces. Hence the considerable variation in the range of vapour pressure 
at these stations. 

Diurnal variation, type C . — The diurnal variation is of type C {i.e., is a double 
oscillation, of which the afternoon oscillation is of 'small amplitude compared with lhat ol ' 
•the morning oscillation) at — 


rsi group. 

Sibsag.ar. 

Goalpara. 

1 he following table gives the mean hourly variations at 
lions plotted in Fig. t6, Plate XXIV : — 


2 VO group 

Pachinarhi. 

Chitt.rgoiig. 

Rangoon. 

Trlcliinopoly 

these two groups of sLf 


Table LXXI. 


Hour. 

Variation fi Oii mean 

OF DAY 

HoVR. 

V\R|AT 10 S from MEAH 

Ol OAV. 

group. 

snd group. 

1st group. 

\ 

snd group ^ 




0 

•f 





tr 

0 

Midnight 



—0123 

— 0048 

Noon 

« 

* 

, 

+■0426 

+•0121 

I • 



— '0218 

—*0097 

>3 

• 

» 


4 - 0334 

4-0063 

2 



—•0317 

—•0153 

14 


* 


+ 0244 

+ ‘0042 

3 



- 9393 

-^*0224 

*5 


• 


+•0212 

+*oo66 i 

4 



— '0460 

—>*0290 

16 




+•0232 

•foil 4 

5 * 


• 

—•0517 

—'0323 

•7 




+•0256 

+•0156 

6 . 



— -0510 

— *0291 

i8 




+'0244 

, +'0173 

7 



— 04:8 

— 0185 

>9 




+ •0202 

+•0:64 

s 



— 'O20g 

—•0033 

20; 




+•0139 

+- 0 I 3 S 

9 



.+•0066 

+ 0107 

21 


' 


+ 0083 

+•0095 

10 



+0309 

+■0183 

22 




4 -'Oo 32 

, +^0048 

tl 

• 


•f 0433 

+•0179 

23 



— - 

0032 

+•0040 
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The foiiowinp: ubie gives the epochs o{ the moxim.o and minima values and also 
ih.e absolute diurnal r.angc at each of tltese six stations : — 


TAnt.n l.XXll. 







AiTr»M?av A^!t r.vrMi!<n o cn-iaioN. 





j'*'. 

J.tatirtflfj:, 


J'ls’ilmi-n. 

Anptt* 

ttitie. 
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? ticn. 


tt-in. 
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Va*i»- 

t!un. 
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. 



• 

s 
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10 i.M. 

{ X \ 
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-t-'OIjt 

•oS 5 t 


• 

5 


I t 

1 -• 

3 »• 


7 •« 

■fo374 
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. 

,s 

„ f —'.-i't-; 

U-i „ 


3 r* * 


1 . 

+'o!;a, ■c.37.'> 


. 

-6 

„ ; — 

10 .» 

^ i » 

i . ‘•'aO 

t .» 

-‘"•o-ar' 

6 r* 

-T ' 01^1 

MIO 5 

Mr:-. 

. 

j 

r 

•* J 

to 

1 ra'i-kt 

3 .. 


Cl ti 

4- 0173 

ag'-a 


. 




1 

a 

+'ori7 

r- 

+•04 03 

■ilSr 


• 

3 

*» ' ■ .* ' S 

Nc"'^. 



— T/y^-v 

u 

-!• <'•■3 ' 

a-3t5 


• 

5 


X\ 

' ■; a las 

T T 

— fjlj 

: 5 l-.« 

1 

*1 T 52 


The f.ic-rning orcilhuinn is of grvatrr amplitude than tin- .afternoon oscillation. 
The .amjditudv oi the former avcr.ii'.e*: 'he afternoon •047", alntost exactly 

b.ai; of f'rrr.rr. The mini mum .and maxismim values of the morning oscillation arc at 
5 A.:4. r.n.’i 1 1 A.'s. .and of the afternoon at 3 I’.M. ant! 5 r.M. re.«poctivcly. 

•’.•c/ t /*,•/<■ D . — The diurrt.al variation belong-; to type D at tb.c follotving 

itali'ir.s ‘it-.i-ated at a diftanve of 40 to 70 nnU-s fioin the coast : — 

. Cutt.acf; 

Pe- at. ; Cakett.a. 


and also at Ad- a and I'e'lata-. 

The f '!!a..ir.;: p.ivcs incan v.mi.atiun d.a!.* of the first four .statioii.s (plotted in Fig. 17, 

Fb-eXMlVi. 


TA-.«!.r t.vXU!. 






DISCUSSION OF THE RESULTS OF THE HOURLV OBSERVATIONS 

The morning oscillation has its minitnum at 5 A.M, and. maximum- at . 8 a.M. -^Tlic- 
amplitude is 'oif. The minimum of the afternoon oscillation is at 2 p.m. and the' maxi- 
mum at 8 P.M., and its amplitude is '073" nearly six times as, large, as' that ofahl 
morning oscillation. , , • . ■ ' 

The following gives the maxima and minima epochs and absolute range at each- 

of these stations : — , ■ , ‘ 

Table LXXIV. ■ ’ ■ ... r 


ArricuKDON and EmnNo osciLl'atjon. \ . 


Station. 

Morning oscillation. 

MImmum. 

Majiimutn. 


Epoch. 

Varia- 

tion. 

Epoch. 

V^aria- 

tion. 

Poona . , 


If 

7 A.M4 

// 

+ •0272 

CuUack . 

5 a.M. 

—•0233 

9 >» 

—'0012 

Belgaum . , 

4 .1 

— 'ooss 

8 

+-0l6C 

Bcll.iry . . 

S .. 

— -0046 

9 .. 

d-‘r' 3'9 

Calculla . . 

5 » 

—0097 

8 

—*•0022 

Aden .... 

5 .. 

+•0070 

8 „ . 

-E-0141 

Mc.in 

s A.M. 

Ban 

4 - -0084 



The chief factor in producing the diurnal variation at these stations in addition' to ' 
evaporation and diffusion is the alternating influence of the land and sea- brbezes. - 
Probably also convective movement contributes to a slight extent. - ■ 

General Discussion of most important features of the dim':, 
nal variationlof the aqueous vapour pressure and their, cames,^ 
The following is a brief discussion of certain interesting features disclosed' by tHe 
examination of the curves in Plates XXIV to XXXI, representing the diurnal .variation of 
■ aqueous vapour pressure at different seasons of the year in different parts of India. ; ' 

The simplest type of the diurnal variation of aqueous vapour pressure is that observ- 
ed at coast stations in India, more especially Trivandrum, Bombay and Kiirrachee.' 
During the greater part of the dry season this variation is due to the alternation' of land 
and sea breezes, and the variation is large and pronounced. In the wet season it is due 
to the diurnal variation of the indraught across the Indian coasts into India, determined 
by the moderate to considerable diurnal, .variation of temperature in the interior of, the 
Peninsula and in North-Western India, 

The annual curves for the stations of Trivandrum, Bombay' and, Kurrachee in 
Plates XXVIll to XXX show the general features of-' this, type fully., The minimum 
pressure is usually observed shortly after sunrise at about- 7 A.M. and the maximum 
shortly after sunset at about 7 P.M. The amplitude of the variation-is, as -already stated, 
large in the dry weather and appears to be-greatest on the Sind and Kathiawar coasts. 
It decreases southwards along. the Konican and Malabar coasts. It is greatest on' the 
Sind coast in November, at Bombay. in, April and at Trivandrum in March, 

The-diurnal variation at the West Coast stations in the wet monsoon is very’^ slight, 
the amplitude, being barely two per cent, of the mean vapour pressure, but is of tlie same 
type as in the dry monsoon. - ' 
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It may be noticed that there is a marked tendency at the hill stations in the Interior 
and at the plains stations when the weather is more or less continuously clouded in the rainy 
or wet season for the diurnal variation to resemble that of the West Coast stations, in other 
words, to consist of a single oscillation, the minimum value of which is in the morning and 
the maximum in the afternoon or evening, and the amplitude of which is small, more espe- 
cially when compared with the actual mean vapour pressure of the period. As examples 
of this ma}' be cited the following;— 


The amplitude of the variation at these stations during the periods stated is small 
ranging between ’02" and •04". The variation due to the temperature changes is very 
small in these months and generally less than ’oi". 

The type of variation observed throughout the greater part of the year at the 
Assam stations and also at Srinagar in the Kashmir Valley throughout the whole year 
also belongs to the same type. The chief feature at the Assam stations is a single 
oscillation the minimum of which is at about sunrise and the maximum in the afternoon, 
usually about 3 or 4 P. M. The variation at these stations is chiefly due to the processes 
of evaporation and diffusion. The curves for Srinagar given in Plate XXXI show this 
type of variation in its most pronounced form. The cur^es of Sibsagar for June and of 
Goalpara and of Dhubri for July are good examples. In the drier months (from October to 
March) there is a slight depression in the curves for these stations from about noon to 
6 P. M., greatest at 2 to 3 P.M. the Sibsagar curve, Plate IV, in the discussion 
of the Sibsagar hourly observations). This is evidently due to convective action 
which is most vigorous in Assam in November, December and January when skies are 
most free from cloud. A consideration of the curves suggests that a free hand curve can 
be drawn for the period of the day In which convective action occurs which will, with the 
remainder of the curves, give the resultant effect of evaporation and diffusion solely _ 
whilst the differences between the actual curve and the free hand curve for the period of 
convective action will give an estimate of the effect of that action on the aqueous vapour 
pressure. 

The curves for Leh, which also belong to this type (A), suggest that the diurnal 
variation in the aqueous vapour pressure at that station in the months of December 
January, February and March Is almost solely due to evaporation and diffusion. The 
curves for the months of June to September show a depression in the day hours from 
8 A.M. to 3 or 4 P.M., similar in character to that noticed in the Sibsagar aqueous vapour 
pressure curves for the cold weritbcr months. This is almost certainly due either to con- 
vective movement or the strong valley winds which are reported to prevail during the 
hotter hours of the day in the Indus Valley. The temperature effect is very small at Leh, 
as the actual amount of the aqueous vapour is small. 


Station. 

Allahabad. 

Calcutta. 

Cuttack. 

Hazaribagh. 

Jaipur. 

Jobbulporc. 

Nagpur. 

Patna. 

Roorkec. 


PzBion OR Month. 
■ August. 

July and August, 
Ditto, 

Ditto. 

•August. 

July End August. 
Ditto. 

Ditto. 

August 
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The diurnal variation of aqueous vapour pressure at stations in the interior , of -India 
throughout the year, with' a few exceptions, is a double oscillation, due to the 'superimposi.v 
tion of a day effect of convective movement upon -a 24-hour, .period -‘effect idue, to ' 
evaporation and diffusion. The curves of the ' following stations belong' to this type for '- 
the whole year (rvith the exception, in some cases, of July and .August) ' , ■ .ii'; 

, Nagpur. 

• Roorkee.’ 


Agra. 

Lucknow. 

Allahabad. 

Dhubri. 

Patna. 

' .Jaipur. 

Jubbulpore. 

Triebinopoly. 

Lahore. 


An examination of the curves of these stations suggests the possibility of : separating v 
the effects of evaporation and diffusion from those of convection curves'.- . ■ . 

An examination of the curved given in Plates fCXV to XXX shows that they may'practi-.' 
cally, without exception, be resolved into the sum of ttvo curves — bne representing an effect ; 
of 24-hour period and the other of about 12-hour. period. A large number of these, inciud-'- 
ing figures I, 2, 7, 8, 10, ii, 13, 14, 16, 17, 19, 20, 25, q 6, 28, 29 in- Plate XXV, figure's?- 
1, 2, 4, 5, 7, 8, 25 and 26 in Plate XXVf, figured, 4 and 5 in Plate XXVII, figufes'i to 
to 9, 10 to 21 and 25 to 30 in Plate XXVTII, figures 1 to 9 and 25 to 27 in Plate XXlX 'v 
and figures 4 to 6 in Plate XXX, are the combination of curves for the actions of evappr'a- 
tion and diffusion and for convective actions. ’In, each of these figures a curve in broken ■■ 
line lor the day hours has been added, and this with tire remainder of the curves.'pfobably 
represents closely the effects of evaporation and diffusion and perhaps the slight genera!; ’.' 
day influx from the sea in certain seasons. The ordinates between the broken curves 
and the corresponding portions of the original curves represent the effect of the day 
convective actions in introducing drier air either by horizontal or vertical air movement, lin'd 
thus diminishing the aqueous vapour pressure. A glance at the monthly curves of any, of '1 
the stations in the interior of India will show that free hand curves can be drawn which 
probably represent very approximately the combined effect of evaporation and diffusion. ' 
This supposition, if correct, enables the diurnal variation of that effect to be measured and-, 
also the additional effect of convective action. . ' ' ! 

The following gives measures of the diurnal' variation of the aqueous .vapour pressure, 
due to the varying actions of evaporation and diffusion throughout the day for each 0! . 
the four seasons at thirteen selected stations obtained by the process described above -- 


Station. 


Sibsagar 

Goalpara 

Patna . 

Hazaribagh 

Dhwbri 

Roorkee 

Allahabad 

Agra . 

Lucknow 

Jaipur. 

Lahore 

Jubbulpore 

Nagpur 


FbOUADI.E AMCLITUDR OF vAkIATIO.S' DUE To EFFECTS 
OF EVArORATlO.V AND DIFFUSION. ■ ■ . 



Cold weather. 

Hot weather. 

.Jwlyahd 

August. 

''Rctreatinj: 

south'uwt 

HJOnSOOB. 



p 



r 


‘ . 

•II 






•07 



•II - 



*j8 


, ‘07 

•07 



•04 


' .'°s ' 

ro5 



*06 

•05 

05 ■■ 

'0^ 



•07 

‘■06' 

•07; 

*08 , 

i‘ 


■07 

■OS' 

■ -06 ,■ 

‘ ''07 ; 

• 


•06 

■06 ' , 

' .--os 

■*c6 



■07 

•08 

•06 ' 

’OS' F 



•06 ’ 

. -07 

' 04 ' 

•oS . 



*08 

■07 

. '04 I 




•06 ■ 

■ ’o.S 

-.:os ■ - 

-oS 

j 

— 

•05 

•05 

■°4 ' 

, ■ :° 7 .' ' 
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In these figures no allowance has been made for the variation of aqueous vapour pres- 
sure with increase or. decrease of temperature. 

If the figures maybe accepted as giving an approximately correct result of the 
action of evaporation and diffusion, they' establish that the diurnal variation due to these 
two effects is practically identical in amount over the whole of the interior of Northern 
India and also is almost uniform in amount throughout the year. The mean or average 
effect of the high temperature, low humidity and strong winds of the dry season is slightly 
greater than that of moderate temperature, high humidity, much cloud and moderate winds 
of the rainy season. 

The data also show that these processes have throughout the whole year a larger 
effect in Assam than in any other part of India. This is probably due to the fact that it 
is a river valley almost completely encircled and shut in by mountain or hill ranges 
and with a very large river bed (in proportion to its extent) and surface soil more or less 
heavily charged with moisture. The Kashmir 'Valley presents the same features as the 
Assam Valley in a very pronounced and almost unique form, and has in addition a consi- 
derable number of lakes, jheels, and marshes which add largely to the water surface in 
the valley. I have hence had the data for Srinagar worked out for comparison with Sib- 
sagar, Leh and Pachmarhi. - The following gives the results for the mean day of the year 


Table LXXV. 












Diurnal variation of vapour pressure on the 

MEAN DAY QF THE YEAR AT 












Srinagar. 

Sibsagar, 

Leh, 

Pachmarhi. 
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— -008 
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*004 
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4 

• 
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4 
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• 
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,^4 DISCUSSION OF THE RESULTS OF THg HOURLY OBSERVATIONS 

The preceding dota when charted as curves tbow' that the Srinagar curve is' unique ' 
in its amplitude, but that it agrees in its general fc>rm uith tliose of Sibsagar, PachmarM 
and Leh," ’ ' i- . , 

As stated before, the differences of the ordinates of the actual and hypothetical curves' ' 
give an estimate of tiie effect of convective movement. , The following is a statement, for 
the same stations, for which data are given in the table in page 152 : — ; 


Ma'ciml’M amplitudf 1)1 r to coNVFcrivf movekent ik 


Sibsagar . 
Gooipara . 

Patna • 

Hajaribagh 
Dhiibri 
Kooikcc . 
Lahore 

Ltichnow . 
Agra < 

Jaipur 
Allababad . 
Jubbulporo 


Cold Hot 

season. sea'^on 


Itttrc.lttOK I 

Ri'my Bouth-ttOst , Year, 

sensun. mon'onn j 

tca'OOf 1 


Masimtirn value ‘ Miplmuei valce 
and month, end teontn. 



•05 ill Novertiber 

•t/owi Vtfes'owy, 
March and 
August. 

•09 in AJ.ny 

•tg in April and 
May. 

•IJ in March 
•13 in April 
•16 in June 

•12 in October 
•13 in Alsy 
■IS in May 
•14 in May ' 

•t2 in May 
•II in May 


■01 In Juno [' 

•r/VWiydij ■ 1 

■01 in Ju’y 

■02 in July and 
August, 

•02 in May aril 
June. 

■03 in August 

■05 in January 
and Dccein* 
ber, 

•03 in July and 
August. 

■03 in August 

■03 in August 

■02 in July 

•Qi in July and 
August. 

•o2 in July I 


The results, it will be seen, are fairly consistent. The effect of convective action it 
small in the south-west monsoon period, except in the East and Central Punjab, where th< 
monsoon prevails in an intermittent manner. It is generally slightly larger lit the perioc 
of the retreating south-west monsoon than in the cold weather season. It is, on the othei 
hand, large at all stations in the hot weather and is more than twice as great in Ma) 
(when it is generally greatest in the interior) as it is on the average of the whole year. . 

At the majority of the remaining stations which are all at a moderate distance froir 
the coast, including Deesa, Calcutta, Cuttack, Chittagong, Rangoon, Poona and Belgaun 
for the period October to June, the diurnal variation is, except during the rains, due to < 
combination of the effects of at least four actions or factors, vjs. :■ — 

(1) Evaporation* • 

(2) Diffusion.. 

(3) Convective movement. ’ 

(4) Land and sea breezes. 
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The effect of (i) and (2) is probably similar in amount to what it was found to be 
for stations in the interior of Northern India. It is hence possible to ascertain the com- 
bined effects of the actions (3) and(4) in varying the aqueous vapour pressure during the 
day. As the change from the land to the sea breezes and, mce versd^ rnodifies to some ex- 
tent the effect of the convective movements, it is hardly possible to separate the combined 
effect into its two components. As the prevalence of the land breeze tends to diminish the 
humidity and the sea breeze to increase the aqueous vapour pressure, the double or 
conjoint action of convective air movements and the land and sea breezes produces an 
oscillatory effect, the maximum and minimum values of which will depend upon the 
position and distance of the place from the sea coast. .The amplitude of the variation, 
due to alternation of land and sea breezes as also of that due to the convective movement, 
will be greatest in the hot weather, and where the phases coincide approximately the 
combined variation will be very large. This is especially the case at Belgaum, and to 
a slightly less extent at Poona, Deesa and Cuttack. The diurnal variation of the aqueous 
vapour pressure at these stations is hence of peculiar interest. 

The following tables give the probable amplitude or total range of vapour pressure due 
to actions (1), (2) and (4) at these stations in each month of the hot weather period : — 





PKODABEE AUPLtTUDE OF VARIATION 

DUE TO (t), (a) and (4I. 

t^fobable 
amplitude of 
venation due 

Probable 
amplitude of 




March. 

April. 

May, 

Mc.in, Match 
to May. 

to (f) and 

t»)- 

due to (4). 

Belgaum . 



• 

;i3 

It 

tt 

*10 

• 

" 

•11 

*o5 

n 

■05 

Poona 

• 

• 

•cO 

•07 

•07 

•07 

•05 

'02 

Deesa . . . 

. 

• 

•07 

■II 

MI 

•10 

•06 

•04 

Cuttack . • 

• 


1 ‘oO 

*06 

1 

•05 

•oO 

•05 

‘01 




• 

Period or minimum v.vlue due to 

COMDINCD ACTIONS (3) AND (4). 

March, 

April. 1 

i 

Moy. 

Noon 1 

3 *’*M 

3*30 P M- 

3 P*M. 

0'3o r.M» ' 

1 r.M, 

3'3o 

2 r.>r. 

0*30 ?.M. 

1*30 r.M. 

4 r.M. 

3 



VnOBAOt-E AMFLITUDE Of VARIATION 
HUE TO (J) (■')• 


Belgaum 

I’oona 

Dccs.t 

Cutlack 


. March. 

April. 

May. 


ff 


•25 

•3t> 

•24 .0 

•18 

•23 

•25 

'08 

•19 

■24 

*30 

•26 

I 

*13 


Probable 
I amplitude of 

variation 

Mean, March I due to (4), 
to .Nlay. I 
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The following gives data of the probable amplitude of variation due to itctions {3)' 
and (4) for eacli hour of the day from 8 A.M, to 8 P.M. at Belgaum and Poona 








BCILGAUM* 

POONA. 



Hour. 




Prodablp amplitude or variation 

PRODAULE AMPLITUDE OP AARlATlOr 






DUE Tl? (3) At 0 H). 

DUF TO (J) AND (A). 







Marclu 

April 

May. 

March* 

mm 








9 

V 

7 

c 

7 

HH 

8 A M, 






*02 

*10 

•68 

*05 

•06 

•o 3 

9 .1 

• 





*12 

•IS 

'J3 

•09 

•n 

•u 

10 „ 

f 

• 




•17 

•22 

‘18 

•II 

•16 

■6 










* 


II i> 

« 






•28 

*22 

•14 

•19 

30 

Noon 

• 

• 



« 

•24 

•30 

•24 

“16 

*21 

■23 

V. ^ 

1 r M, 

\ 

* 



• 

•as 

•30 

•23 

•17 

■S3 

*25 

2 }i ■ 






•24 

*26 

*20 

•18 

■22 

•24 

3 .1 • 

• 

• 




•23 

•20 

•16 

■18 

20 

*23 

4 m* 


« 



4 

■19 

*12 

•13 

•17 

•l6 

•18 

3 >» • 

« 

• 



• 

•«3 

*0(> 

•09 

'14 

•n 

•13 

6 ti • 

• 

• 



* 

0 

•04 

•oS 

•n 

■06 

•oS 

7 •> • 

4 

• 



4 

0 

•02 

•06 • 

'07 

*01 

t >3 

8 1} . 





* 

0 

0 

•04 

•04 

0 

■03 


Summary of conclusions . — The following is a summary of the conclusions : — 
ist . — For the interior of Northern India — 

(1) The processes of evaporation and diffusion have their greatest effect in the hot 

weather and early dry weather seasons, and their least effect'in the rains at 
stations in this area, 

(2) Convective action produces its greatest effect in the hot weather. Tlie effect 

is moderate in amount in the early dry weather and the cold weather and 
is very slight in the soqth-w'est monsoon season. 

(3) The effect of evaporation is larger at the eastern than at the western stations 

in the Gangetic Plain in the dry season, 1 he variations from station to 
station are, however, small. 
znA . — For the interior stations of the Peninsula — 

(1) The processes of evaporation and diffusion give rise to a variation in the dry 
season similar in its law to that in Northern India, but tl e amplitude is 
slightly greater. Itvis hence probable that a small portion of this may be 
ue to a slight general increase and decrease accompanying the diurnal 
'nd^s*^*°*' influx from the adjacent seas, and more especially the land 

season^ '^inds which prevail in the Bombay and Madras coasts during that 
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(2) The variation due to convection is as small in the months of July and August 
asm Northern India. It is also small in amount in the retreating south- 
west monsoon period due to the large cloud amount which usually obtains in 
' that area during this period. The variation, however, in the remaining five 
months of the year, January to May, due to this process is very large and is 
considerably larger than in the hottest regions of North-Western and 
Central India. 

3rd. — For Assam — 

The curves for the Assam stations are peculiar. The chief features are a large 
morning oscillation and a very small afternoon variation due to convective 
action. The effect of evaporation is greater in Assam than in any other 
portion of India except Kashrtiif. The di stance from Sadiya to Dhubri is 
about 500 miles by river. Dibrugarh, near the head of the valley, is only 400 
feet above sea level. The river stretches over a wide expanse of bed and the 
whole country up to the foot of the hills is exttemely flat and covered with 
vegetation and forest. It is completely hemmed in by mountains except at 
its eastern extremity. The water surface is very large, and the conditions 
are very favourable for evaporation and for the retention of the products 
of . evaporation in the superjacent atmosphere. An examination of the 
curves treated similarly to those already discussed shows-^ 

/st — The greater intensity of the action of evaporation in the morning hours 
than in other parts of India. 

sud , — The very slight effect of convective movements in the valley. 

4lh . — For the coast stations — 

The curves given in Plates XXV to XXX for these stations are the means of data 
showing considerable differences, the causes which have been already stated. 
The resolution or decomposition of these curves into two, giving — 

(1) the effect of evaporation and diffusion, 

(2) the effect of the variation of the winds, more especially of the land and 
sea breezes, 

is difficult, as it is most probable that the variations of aqueous vapour pres- 
sure, due to evaporation and diffusion at stations in the immediate 
neighbourhood of large sea areas, differ considerably in amount 
and probably in character from those in the interior. . 

Assuming, however, that the results of the first action at these stations are similar 
in character and amount to those at the neighbouring stations in the interior and 
separating this effect from the total effect it follows that the effect of the varia- 
tion of the winds is small in the hot weather and rainy seasons proper at 
Bombay and Kurrachee and is, on the other hand, considerable in the period 
from October to February when there is a large shift of winds from land, to sea 
directions and, during the day. These results are roughly indicated 

in Figs. 4 and 5, Plates XXV and XXVIII, and in Figs. 22 and 23, Plates 
XXVI and XXIX. An examination of the curves for Chittagong and Rangoon 
confirms these results. 



>58 


DISCUSSION .OF THE RESULTS OF THE MdURLV OBSERVATIONS ' ' 

ComiKirison of the Bcsselian resolution of the aqucouf^- 
vapour ijressnre IV ith that for pressiirCf temperature and clouch— 
The preceding discussion has shown that the chief actions contributing to produce. the ‘ v 
diurnal variation of aqueous vapour pressure are — ' 

(1) Evaporation. 

(2) Diffusion. ' ' 

(3) Convective action. 

(4) Land and sea breezes. 

(5) Diurnal variation of air movement generally.- 

The first, second, fourth and fifth factors or elements have a well defined oscillatory 
change of 24 hours period. The third factor is a discontinuous action, and ; practically 
restricted to the day hours from about 8 A.M. to 7 or 8 p. M., and varying considerably. in ' - 
its intensity and slightly in its period in different seasons. ... . ‘ 

The Besselian .resolution into simple harmonic.,- 'elements of 24,’ 3; 8 and, 6 , hours / 
periods is hence a mathematical resolutio.t.ii only, and is of little value in suggeing ,tbe:;'.'. 
character, period or magnitude rCr'the physical actions giving rise to the variation. -, " 

A comparisoiii' nas been made between the elements of the Besselian resolution of;' 
the diurn-.’di variation of aqueous vapour pressure, cloud and temperature. The following.', 
■gives the more important inference : 

4 First component. — The most noteworthy feature of the first component', in the. / 
3Case of the aqueous vapour pressure is the extreme irregularity in the, epoch of the.,; 
giiaximum and minimum phases. They vary as largely froni place to placed in the-, 
same month as they do from month to month at the same place, In the ;pfesent disciis* i 
Sion it will be convenient to arrange the stations in two groups according to their position* 
vith respect to the sea coast. Group A includes all stations affected more or- less- 
by considerable variations in the strength of the sea winds or by alternating land and sea-' 
breezes and also the Assam .stations, and includes the following stations : — 


Calcutta. 

Kurrachee. 

Pcona. 

Trivandrum. 

Rangoon. 

Aden. 

Dhubri. 


Deesa; 
Chittagong.- 
Allahabad. ’ 
Belgaum. 
Trichinopoly, , 
Sibsagar, . ' 
Goalpara. 


Group B includes stations in the interior of India which are practically outside the ] 
influence of sea breezes in the dry season, and includes — 


Hazaribagb, 

Allahabad, 

Agra, 

Lahore, 

Jub'oulpore, 


Patna, 
Lucknow, 
Roorkee, , 
Jaipur, - 

' ' 'Nagpur,, 

and perhaps Bellary, 


The epoch of the maximum of, u, at stations in group B generally occurs from. 
November to February between 4 P.M. and 6 p.m., and in- the hot weather rin .the early ^ 
morning hours. During the humid monsoon months it occurs at thb great majority, .of,, 
stations in the afternoon hours from 3. P.M. to 6. P M. , . .. . ' 
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-The amplitude of u varies largely and irregularly. It is at stations in group B 
largest in the hot weather and smallest in the rains. The same is the case at the majority 
of stations in group A, more especially Poona and Belgaum. 

The epoch of this component is not directly related to that of the corresponding 
component of the diurnal variation of temperature. 

Second Component . — The epoch of maximum of u, is fairly constant throughout 
the year at stations in group B. It is between 8 and lo A.M. and P.M. and the minima 
epochs are hence between 2 and 4 a,m. and p.m. The afternoon minimum coincides 
closely with the epoch of maximum temperature and hence also with' the epoch of the 
first component of the diurnal variation of temperature. Thus on the mean of the ten 
stations in group B these epochs for the mean day of the year differ by only seventeen 
minutes.' The epoch of the afternoon minimum value of the second component of the 
aqueous vapour variation is usually slightly later than that of first component of the 
temperature variation. This is evidently due to the fact that the activity of convective 
movement in the day hours closely follows the variations of temperature. 

There appears to be little or no direct relation between the components u, and Uj of 
aqueous vapour pressure cloud and temperature. In the case of the two former elements 
the introduction of the discontinuous element due to convective air movement causes the 
Besselian resolution to be purely mathematical. Hence for purposes of useful comparison 
it is necessary to compare not the components but the actual resultant curves. The 
curves representing the action of evaporation closely approximate in form to those of 
temperature excepting that the maximum epoch is almost certainly earlier in the former 
than the latter. 

HelatiVG Swnviclitl/. — It has not been considered necessary to discuss the 
data of this ^'Clement, as it is merely the aqueous vapour pressure in its relation to tern* 
perature. The curves of relative humidity are in fact practically inverse to the corre- 
sponding temperature curves. As it is an important element of climatic observation, 
curves are given for reference in Plates XXXII to XXXVII showing the diurnal variation 
of humidity for the 29 stations at which hourly observations were recorded for each of 
the following seasons of the year : — 

(i) January and February, 

(2' March to May. 

(3) June and September. 

(4) July and August. 

(5) October to December, 

and also for the whole year. 
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CHAPTER VI- 

Cloud. 

The following is a brief summary of the chief meteorological actions which giv6 rise 
to the formation of cloud ; — 

(1) Local ascensional movement. All ascending masses of air cool by the 

loss of their internal energy In the performance of the work of expan. 
sion. If the air masses ascend so high that the temperature by cooling 
falls below the dew point, condensation will commence and give rise to 
cloud formation. The local ascensional movement may be due to various 
causes, of w'hich the most important are as follows : — 

(n) The convective movements which occur during the day hours due to the 
irregular heating of the earth’s surface and the superjacent lower strata of 
the atmosphere by the sun’s thermal action. These movements usually 
give else to the forcnatlou of clouds of the cumulus type. This action has 
a welNmarked diurnal variation, commencing about 9 or loA.M., and reach- 
ing its maximum about 3 or 4 P.M. and ceasing about 6 P.M. 

(J) The ascensional or convective movement which occurs over the central areas 
of cyclonic storms and in all disturbances giving more or less general rain. 

(c) The ascensional movement of air across hills which He athwart the general 
drift of a massive humid air current. Such currents may be either periodic or 
non-periodic or irregular. The south-west monsoon currents and the sea 
breezes on the Bombay, Arakan and other coasts are examples of periodic 
currents. This forced ascent of the air masses due to this action gives rise 
to clouds chiefly of the cumulus type. If the strength of this movement has 
a diurnal variation the accompanying cloud formation will have a similar 
variation. This is undoubtedly the case to a slight extent in the south-west 
monsoon drift across the West Ghats and perhaps across the Arakan hills. 

(2) Expansional movement on the large scale. There is no doubt that an import- 

ant part of the diurnal atmospheric movement in India is due to the alternate 
expansion and contraction of^the lower strata arising from their diurnal 
, heating and cooling by contact with the earth’s surface and other similar 
actions. This action is alternating and hence periodic. The character 
of the movement is partially indicated by the diurnal oscillation of the 
barometer. It is, however, doubtful whether, except under exceptional 
circumstances of an almost saturated atmosphere, it gives rise to cloud 
formation on the large scale. Whenever it does so, the effect will probably 
occur chiefly about the epoch of the afternoon minimum of the diurnal 
pressure oscillation. , This action occasionally gives rise as a rule to clouds 
of the stratus type. 

(3) The action of atmospheric waves. These waves are formed at the commoo 

surface boundary of adjacent air currents of different temperatures and 
moving with different velocities or jn different directions. hen one of 
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the air currents is nearly saturated, condensation may occur as shown by 
Helmholtz and others in and near the common surface in amounts depend- 
ing upon the humidity of either wave. All clouds which have an undulating 
form of the lower surface or clouds which are arranged in long lines 
or belts with intqu’als of clear sky are probably due to this action. 

(4) The mixture of air masses of different temperature and humidity. This is 

most effective when cool dry air is injected into hot damp air {vide 
Cleveland Abbe’s translation of Bezold’s three memoirs "On the Thermody- 
namics of the Atmosphere." 

(5) Cooling of nearly saturated masses of air (a) by radiation, {b) by conduction, 

(c) by diffusion or (rf) by motion from hotter to cooler regions. 

It may be noted that these causes or actions operate in very different orders of 
frequency. The most usual causes of the formation of cloud in the dry weather in India 
are 10,16, and e and to aless e.x;lent ic and 3, and in the rains or wet season 16, 
ic, s and perhaps 4 in certain parts of India. 

The seaso)ial variailon in, the amount of cloMrt.— This is given 
by the monthly mean data of the cloud amounts in the memoirs under discussion. 

The seasonal distribution of cloud is prominently marked in India. The cloud 
amount is small over the whole of India with some local exceptions during the dry season 
and large during the wet season over nearly the whole of the interior as well as in the 
coast districts. An inspection of the curves giving the annual variation plotted from the 
cloud data in Plates XXXVIll and XXXIX shows at once the contrast between the 
cloud conditions of the two periods. 

The following gives monthly mean cloud amounts for the 28 stations at which the 
nouriy observations were recorded, determined by two different methods : — 


Tahue LXKVI. — Menr: hourly proporiion cf cloudtd sky ns determined from the 

tveo series of observnltons. 
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Table LXXVI . — Afcan hourly proportion of clouded sky as determined fr om ike 
two seiies of obsersnlions — concld. 
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ihe following is a summary of the chief features of the seasonal distribution of 
cloud in India. 

The cloud conditions of Northern and Central India differ to some extent from those 
of the Peninsula. This is in part due to tlie difference in the character and period of 
tile south-west monsoon rains in the two areas and in part to the large influence of the 
neighbouring seas on the meteorology of the Peninsula. 

Fine weather in the dry season in the interior of Northern and Central India is 
generally characterised by clear or very lightly clouded skies, chiefly of the cirrus type. 

Rapid clianges of the amount and kind of cloud accompany the occasional passage 
of depressions across Northern India. Hence the mean monthly cloud amounts for 
the dry season of stations in Northern and Central India in any year are a rough measure 
of the amount of disturbance during that period. The cloud amount has a well marked 
diurnal variation in these disturbed periods win’ch does not differ much in general 
character from that of tlie light cloud which marks fine weather. 

This is shown very clearly by ibe following mean cloud data for twelve fine days 
and twelve disturbed days selected at random from the hourly observations recorded on 
term days at the stations of Lahore, Roorkec and Allahabad : — 
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In tl’.e wet or rainy season tiicrc is invariably mucli cloud over the greater part of 
India, and the absence ol cloud indicates abnormal dry weather which, if long continued, 
intensifies into severe drought. The important variations in this season are hence not 
the positive but the negative variations. Frequently however in dry seasons the variation 
is not so much in the extent of cloud but in its depth of which there is at present no 
measure. 

The following glvc.s the more important facts relating to the distribution of cloud in 
the four seasons of the year, cjj.;— • 

The cold-ieeaihcr IJCrtOr?.— (January and February). There is slight to 
moderate cloud in Soutfiefn Indiaduring this period and little or no cloud over the Deccan. 
Konkan, the Central Provinces and Berar. The cloud amount is absolutely least during 
this period in the Konkan, where skies arc practically free from cloud throughout the 
period. The cloud proportion of the period for Northern India is slight to moderate in 
amount. It is chiefly due to the dense cloud and overcast skies which accompany the 
passage of cold-weatlicr storms. The amount is greatest in the Western Himalayas and 
decreases slightly eastwards to the Assam Hi lalayas. It is greatest in Nortiiern 
India in the Punjab .and in Assam and is least in the area including Bengal, Bihar and 
the eastern districts of the North-Western Provinces. 
























DISCUSSION OF THE RESULTS OF THE HOURLY OBSERVATIONS. 

The following table gives mean data for different provinces or areas : — 

Table LXXVII. 


Area. 

A\ERACB TROPORTION OF CLOUDED SKY JV 

January. 

rebniar). 

Period January 
and 

February, 

Punjab 

4-0 

3-8 

3’9 

Sind «•••«• 

2*8 

3’l 

3-0 

Rajputana 

2*6 

2’6 

2 6 

North-Western Provinces and Oudh . 

31 

3'l 

3U 

Bihar ...... 

2*0 

2’I 

2'1 

Central India • « • • • 

24 

2-5 

2'5 

Chota Nagpur .... 

2‘3 

2‘3 

2‘3 

Bengal 

t 6 

2*1 

19 

Assam • • • • • • 

33 

35 

34 

Central Provinces .... 

rS 

17 

1-8 

Bcrar ...... 

17 

17 

>’7 

Occcan ...... 

i’<t 

1*2 

E3 

Burma ...... 

>•9 

rS 

/ I p 

South India ..... 

27 

2*0 

24 

Himalajan Hill Stations, Kashmir . 

7'3 

6-3 

6-8 ^ 

„ „ Punjab and 

North-Western > 




5-1 

5‘2 

5'2 

Provinces J 

„ „ Sikkim . 

4'S 

47 

4-6 


The hot-ioeatliei' period (March to May).—'X\\G amount of cloud in. 
creases during the period in the coast districts due to the increasing intensity of the sea 
winds. The increase is most marked in Bengal, Assam and Arakan and is least in the 
Konkan, where skies are almost as free from cloud as in the preceding season. The cloud ' 
proportion during the period is practically constant in. amount, ranging between i and 3, 
over nearly the whole of the interior of Northern India, including Bihar, Chota Nagpur, the 
North-Western Provinces, Rajputana, the Punjab, Sind and Baluchistan. It increases 
to a moderate extent over the interior of the Peninsula and In Bengal, Assam and, 
Burma during the period, due to the increasing influence of the local winds of indraught 
from the adjacent sea areas. 

The following table gives mean data for comparison 

Table LXXVIll. 



[ Avehage pfoportiow of cloodcu sky tu 

Area. 

March. 

April. 

May 

Period March ^ 
to 

May. 

Punjab 

37 

2:0 

a I 

29 , 

Sind 

2'9 

2’1 

x*6 ' 

2V2 

Kajputana 

2'S 

2*1 

i‘8 I 

2 1 

North.Wes'ern Provinces and Oudh . . 

2-6 

vg ' 

17 

2 I 



2*0 

i'4 

2 '3 

rg 

Central India ...... 

2'4 

2*0 

2'5 

a '3 

Chota Nagpur 

27 

2-8 

3'6 

TO 

....... 

3'0 

,3-4 

4’9 

38 
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Table LXXVIIl— eo«eW. 



Average proportion 

0? CLOUDED SKV IH 

Area. 

March, 

April, 

May. 

Period March 
to 

May. 

Asgam 

4-3 

S’2 

6-4 

5'3 

Central Provinces 

2*0 

2‘2 

2-8 

2-3 

Berar . . _ . . . , 

2*0 

2*2 

2-5 

2*2 

Deccan 

1-8 

26 


27 

Burma . 

2*1 

3-3 

6-3 

3-9 

South India 

25 

37 

4-7 

3-6 

Himalayan Hill Stations, Kashmir . , 

6*0 

5'3 

4’9 

S'4 

„ j, Punjab and North- 

Western Provinces 

] 4-6 

4-0 

37 

4't 

„ „ Sikkim . , 

4'4 

5-2 

.6-4 

S‘3 


The vaA/tiy season or 2 )&viod (June to SepteniberJ . — After the mon- 
soon rains commence skies are almost continually clouded until the middle of September 
in the coast districts and over and near the hills in Northern India, and also over a consi- 
derable portion of the interior, including the Deccan, the Central Provinces, Chota 
Nagpur, Bihar and the eastern districts of the North-Western Provinces. Skies are also 
frequently overcast in North-Western India, but periods of fine weather with clear or 
lightly clouded skies occur between the intervals of heavy general rain in that area. 
As the breaks are'most frequent and prolonged in Upper India, the mean cloud amount 
diminishes considerably northwards and westwards over North-Western India. Skies are 
practically free from cloud in Baluchistan during this period. 

The following table gives comparative data: — 

Table LXXIX. 


Area. 


Baluchistan . 

Punjab • • 

Sind • 

Rajputana . 

North-Western Provinces and Oudh 
Bihar . . 

Central India 
Chota Nagpur 
Bengal . 

Assam . . 

Central Provinces 
Berar 
Deccan . 

Burma . 

South India . 

Himalayan Hill Stations, Kashmir 

„ „ Punjab and 


W esterh 
Sikkim 


North 
Provinces. 


Average rRoroRTion of ceoudeo skv in 


June. 

July. 

August. 

Septetnber, 

I*I 

1-6 

f3 

o'S 

2'3 

39 

3-6 

1-8 

2*6 

4-6 

4’S ■ 

2"3 

43 

7'z 

7-1 

4'i 


7'2 

7't 

4-5 


73 

7'2 

^ 6*1 



77 

5’4 



90 

8 'o 


8'3 

8-0 

?■? 


7-9 

8*0 

7 ‘ 


8-1 

7'9 

6*1 

6-5 

8-3 

8*0 

■ 6-6 

72. 

8'3 

7'8 

TA 

8-1 

8-6 

84 

7-6 

7’i 

79 

76 

6’9 

4-3 

4-6 

4-6 

yg 

] 

8 ’o 

8-2 ' 

S‘4 

'rs 

T9 

8*0 

rs ■ 


Period 
June to 
September. 


ft 

2‘9 

3'S 

57 

57 

6-5 

6'5 

8'S 
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DlSCbSSION OF THE RESULIS OF THE HOURLY OBSERVATIONS. 


The retreating south-tvest monsoon period fOctober to Dec-, 
ember), — The humid monsoon currents continue to give much cloud to North-Eastern 
India in October and to Burma in October and November. The currents are chiefly 
directed to the Peninsula in November and December, and hence the cloud amount is 
large in the Coromandel coast districts and Southern India throughout the period, and is 
moderate in amount in Mysore and the Deccan. Skies are practically free from cloud 
during the greater part of the period over the whole of North-Western and Central 
India. Cold weather storms begin to give cloud in December in Upper India. The dis-' 
tribution of cloud is shown fully by the comparative data in the following table-. — 


Table LXXX 


A%e^age proportion of clouded sky in 


Akea. 

October. 

November- 

December* 

Period 
October tt) 
December. 

Punjab ..... 





• 

o ‘9 

— 

2 'S 

I 8 

Sind ...... 






07 


2 0 

I'S 

Rnjputana .... 





« 

I 6 

mm 

1 8 

r 6 

North-Western Provinces and Oudh 





« 

I 2 

■1 

rp 

14 

Bihar. ..... 






30 

i '3 

1-3 

18 

Central India .... 





• 

= 5 

H 

17 

- 

Chota Nagpur .... 





• 

4’4 

25 

2 I 

30 

Bengal 






44 

27 

20 

3-0 

Assam ..... 






46 

30 

2 6 

34 

Central Provinces . . 



• 



28 

18 

>7 

2‘l 

Berar 






3-3 

2 0 

2 1 

25 

Deccan ..... 





• 

54 

36 

28 

39 

Burma ..... 





♦ 

55 

40 

2-8 

■■ 

South India .... 






6 I 

53 

40 


Himalayan Hill Stations, Kashmir 






.T 3 

37 

55 ' 


n 1) Punjab and North-Western Provinces 

1-8 

2 1 

36 


it ti Sikkim « 

. 





4‘9 

3‘5 

36 

40 


A-linual variation of cloud. — Curves showing the annual variation for 
the 2g stations in India at which hourly observations were'recorded are given in Plates 
XXXVIII and XXXI X. , 

The forms of the curves differ slightly for stations in different parts of India. They 
all agree in showing the large contrast between the cloud amount during the dry season , 
and the wet season. In the Peninsula, Burma and North-Eastern India the annual vari- , 
ation has only one maximum and minimum, the former in July or August, the height of 
the rains and the latter in November, December, January or February (according to the 
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period of die tcrniinaiion of the r.ains). In the area represented by Jubbulpore and 
P.'ichniarhi die iiiininiuni is in November. In Ass.Tin it is in December. In the North 
Deec.m (represented by Nagpur .and Poona) it is in J.anij.ary, and in the Konkan, South 
Decc.an and Southern India genernlly (represented by Bombay, Belgaum, Bcllary and 
Trichinopofy) it is in February, and at Madras in March. . 

Over die whole of North*\Vcstcrn and Central India, the annual variation consists of 
two oscillations, the fir.-t a feeble one corresponding to the period of the cold weather 
rains and occ.isiotial disturbance, and the second strongly marked and corresponding to 
the cloudy period of the rainy season. The ahsolule iiiasitria are in July or .‘\iigust, as in 
the P> niiisuta, ruid the absolute minima in November, the most serene month of die year. 

Tile sccotub.ry maximum is in Fcbru.ary at the western stations of the Gangetic 
Plain (r.c., Lahore, Roorkee, Kurrachce and also at jrdpur) and In March at Lucknow, 
Agra, .Mlahab.ad and P.itn.a. There is a very slight indication of this oscillation shown in 
the cloud curvc.s of ILir.arihagh and Dfiubri. 

Diitrnaf rnriadon of the (nuouui of cloud. — The diurnal variation 
of tlic cloud amount is generally ucll marked in India. Curves giving the diurnal variation 
of this (.lenient for o.ach month of the year and for tlie year are plotted for c.ach .station at 
which Intjdy ohservatiorrs arc recorded in volumes V, fX and .X of the Indian Meteorolo- 
gical .Memoirs. In Piates XL! to XL\’f of the present memoir arc plotted the curves for 
the se.ifons into which she yc.ar is divided in India for all the stations .at which hourly 
observai'ons have been rccoidvd. These p!.itcs give curves showing the nic.in diurnal 
variation for tiic following pcriv'-dsi— ■ 

(l) Cold wc.athrf pedod. 

(c) Hot wtathe.' period. 

(3) Trar.Mtion months of the rainy season (June and September). 

(j) R.ainy season proper (July and .-\'igi)st). 

(5) Kcirc.atirig south-ucst monsoon. 

{ 0 ) The whole year. 

Afi cs.r/riin.aiion tsi tbese curves show.s lh.it they belong practic.illy, and nhuo.-i! 
v.iuiout exi'i'p’.icu, lo five different types. They..- .are as folious : — 

(t) Type A. The diurnal vadaiion of this type consists of .a single oscillation 
v.'luch has its maximum in the early morning heiwcen 6 A.M. and 9 A.M. 
and iis inimimum usually in the .afternoon. 

(c) Type B, Thif, like the p.'ccedhig type, consi.st.s of a single oscillation, but 
has its maximum hi the .ificrnnon usmally heiwecn 3 I’.st. and 5 raid 
its minimum during ihe night hours. There is usually liitie clinngti 
riming tlie night hours from F to 0 A.M. 

(3) Type C .appear-s to be a romi/mation of types A and IL It consists of a double 
o’.riilatiott, the maxima of wiiicli occur in the merning in tween 7 A.M. 
an ! g A.M. and in tlic .afterntmn ,n .-dmut .5 I'.M. The anipltitidc of tlur 
.alteincon (.sciiladoii is usiialiy greater than that of the nioniing osclihaticn. 
(.^) Typ" D is ehar.*iCt':ri;:'ed l>y .a r.tpid inrrc.isc o! cloud in die early im-rnin^; 
and by a similar rapid decrease of cloud in the evening with nearly tmiform 
amount during ti;e whole of the day. k is probably a sp ci.'d form of the 
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preceding type (C), due to the obliteration of the intermediate minimum 
between the morning and afternoon maxima, and its most characteristic 
feature is a prolonged day period lasting for upwards of six hours of large 
and constant cloud amount. 

(S) Type E is characterized by very slight and irregular variation such as occurs 
in damp cloudy weather during the south-west monsoon at stations in oi 
near the hills or near the sea coast where skies are always more or 
less heavily clouded. > , 

The mean curves of the first four t)fpes for each season of the year will be found plot- 
ted in Plate XL. The following is an analysis of the chief features of the diurnal variation 
of cloud in different parts of India during each of the four seasons of the year — 

The cold, wccvthev 'P&i'iod — (yide curves in Plate XLI and in Plate XLli)* 
The mean cloud amount is less than 2-0 over nearly the whole of Northern and Central 
India and the Deccan. The only areas in which it exceeds that amount are the Punjab, 
Rajputana, Upper Sind, the North-Western Provinces West and Oudh, the Himalayan 
area, Upper Assam and Southern India. These areas are represented by the stations for 
which data are given below — 


Station 

January 

rebruarj. 

Mem 

Lahore 

« • 

« 



4 


S' I 

3*6 

34 

Jaipur 

« 4 

. 

• 


* 


S'o 


2-9 

Roorltce 


g 

. 


» 


29 

32 

3 ‘i 

Agr.T , 

« 

* 





19 

2 0 

2 0 

Lucl.now 

4 


• 


g 


2.1 

2 6 

24 

Simla 

g 

* 4 

g 




5<5 

57 

57 

Leh • 


• 

. 


4 


C I 

63 

6 2 

Sibsagar 



. 


g 


S '4 

58 

56 

Trichmopolj 


• • 

• 


g 


40 

2'4 

32 


The areas of greatest serenity in which the mean cloud amount (the mean of 
10 A.M. and 4 P.M. readings) is less than I’o are defined' by the stations, for which 
comparative data are given below : — 


Station. 

Jmuarji, 

Pebruary, 

Mean* 

Ratnagiri 

. • g 


• 

• 

o'6 

05 

0*6 

Karwar 

• 


• 

• 

07 

05 

06 


Skies are hence most free from cloud at this season of the year in the west coast 
districts from Bombay to Karwar, or in the Konkan. 

Fine weather with clear skies or passing light clouds prevails almost without interrup- 
tion in the west, north and centre of the Peninsula. Similar weather usually ptevails 
in Northern India, but is interrupted at intervals by cold weather storms which give much 
cloud. The period is usually very cloudy throughout in the Western Himalayas an^ 
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probably to a slightly less extent in the Central and Eastern Himalayas. The diurnal 
variation is feebly exhibited in Northern and Central India during the period. It is, on the 
other hand, well marked and pronounced in the Peninsula, the hottest area in India 
during this period. Convective movement is hence fairly vigorous in that area during 
the day hours. There is also a moderate indraught from the adjacent seas (more 
especially from the Bay of Bengal). This indraught is continuous and seasonal in 
the eastern half of the .Peninsula. In the west coast districts where the land and sea 
breezes alternate steadily at this time it is a diurnal feature, the sea breezes obtaining 
during the day hours and hence supplementing the action of the convective movements 
over the interior. 

The diurnal variations in different parts of India during this period may be arranged 
under three of the five types stated in pages 167-168. 

Type A . — The diurnal variation is of the type A at Sibsagar and Goalpara. The 
following gives mean hourly variation data for these Assam stations : — 


Table LXXXI. ‘ 


Hour. 

V ariation from 
mean ol day. 

1 Hour. 

Variation from 
mean of day* 

Midnight 

• 

• 

—0*17 

Noon 


• 

+004 

I 

• 

• 

— o'o8 

13 . 

• 

4 

+ 0*12 

2 « 



— o'i4 

14 . 



-ho'15 

3 



— o'03 

15 . 

• 


-f-O'Ol 

4- 


4 

4—0*07 

16 . 

4 

. 

— 0*07 

5 


• 

—0*01 

17 . 

• 


•to'oS 

6 



+ 0't4 

18 . 



-(•0’03 

7 



+ 0-30 
(, 

d-oMS 

19 . 


• 

—0*39 

— o‘i6 

8 



20 



9 



+o'i9 

21 



—0*1? 

10 


• * 

-i-o‘i8 

22 4 



—0 25 

It ' . 


• 

+002 

23 . 

• 


— o"i8 





Mekn of day 


3'S4 


The data for these two stations are plotted in Fig. i, Plate XL. 

The amplitude of the diurnal variation at the Assam stations, Sibsagar and Goalpara \.^ 
is very small, much smaller in amount than the amplitudes ot the variation for the remain- 
ing seasons of the year at these stations. As is usual when the amplitude -of the variation 
is small, the curve representing the variation is very irregular. 

The epoch of the maximum of cloud is 8 A.M. at both stations. The minimum 
occurs at 4 P.M. at Sibsagar and 7 P.M. at Goalpara. 

- It should, however, be noted that there is much mist and fog at these stations in Janu- 
ary and February and it is probable that the observers did not carefully distinguish between 
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fog and cloud. On the other hand, the law of variation indicated By the, observations is' 
probably real as it is exhibited by these stations in the remaining seasons.bf, the year when 
there is little or no fog. ’ 

The diurnal variation of cloud at Aden is very remarkable in this period. The' Wean 
cloud amount is j'S. The diurnal variation consists of a single oscillation, the maximum 
of which (6‘8) occurs at 9 A.M. and the minimum (i’6) at 4 P,M. . The range of variation 
is hence extraordinarily large, ' ; V 

It may be noted that this type of the diurnal variation of cloud , is, of comparatively . 
rare occurrence and in India is almost restricted to the Assam station's where it. 'obtains 
throughout I he whole year. Its character is such as to at once establish that the, pre*' 
monsoon rainfall of the months of March, April and May in Assam is not (as maintained 
by Blanford) due to local evaporation. The rainfall at that season chiefly occurs in/ 
the afternoon and evening and accompanies thunderstorms and -hailstorms./ If this rain>. ■ 
fall and the cloud distribution of the period were due to the same' cause (local evaporation), ' 
it is evident both should be at a maximum in the afternoon hours, 

The peculiar cloud and other meteorological features of the Assam stalions.Are"- 
largely the product of its geographical features and conditions. The ,. Assam Valley Is' 
upwards of 400 miles long and from 25 miles to ido miles in breadth, the width. increasing.', 
westwards towards its mouth. Of this wddth, the Brahmaputra wdth the grassy jungle bn its 
banks incapable of cultivation occupies a space of from 6'miles to 20 miles in width,/ 
The valley itself is perfectly level except where offshoots of ' the Assam hills come do^, 
to the river as at Gauhati and is only about 400 feet above the sea level at Sadiya,-near its ' 
eastern extremity, and 120 feet above at Dhubri, its western extremity. ' s , 

The slope of the level is hence barely 9 inches per mile. The air movement in the. < 
valley is light in all seasons and is practically nil at night. It is completely shut irioii.the 
north by the lofty Himalayas with peaks rising to heights ranging from 20,000 to 25,000 .. 
feet. It is partially cut off from the air movement over ‘Bengal by the. Lower Assarri'.hills;; 
to the south. ' ‘ . 

It has a considerable range of temperature, and a high humidity due partly to the' 
absence of air movement and partly to the large amount of. local evaporation, Hence , 
during a large, part of the dry season of clear skies it is very subject to fogs which . forn\/ 
in the early morning about 4 A.M.* or 5 A.M. and are frequently not dissipated until 9 A.M- 
or 10 A.M. As the surface is densely covered with jungle . there is little convective, 
movement. ' ' . . • ' ■ . 

The formation of cloud is hence almost solely' due; to the processes' of conduction 
and radiation and only to a very slight extent to convective movement. , " , • ' . . V; ; 

In the Assam hills there is much cloud after November in the dry' season due.' to the,. 
, prevalence of a return air current from south-west. This is apparently continued across, 
the Assam Valley and gives rise to much cloud in the Assam Himalayas. It is probable •; 
that this damp current blowing across the valley at a -moderate elevation in conjunction, 
with the descending and ascending movements between .the plains and hills contributes . 
to the formation of cloud. . ■ ... . ' • . . ■/ . ; 

Tj’^e B . — The diurnal variation belongs to type B at fifteen stations. The variation 

of this type, it may be added/ consists of a single oscillation, the, epoch, of the maximum'. 

of which is in the afternoon about 4 P.M. 
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The stations of which the diurnal variation of cloud during the cold weather 
belongs to this type are arranged in two groups. The first group consists of nine 
stations in the interior of Northern India named below: — 


Allahabad, 

Patna, 

Dhubri, 

Hazaribagh, 


Agra, 

Roorkee, 

Lucknow, 

Lahore, 

Jaipur, 

and perhaps Cuttack. 


A curve representing the mean diurnal variation of cloud at these stations during 
this season will be found in Fig. 2, Plate XL. At these stations the amplitude of the 
diurnal variation is small to moderate in amount, and the variation as deduced from the 
term observations is characterized by much irregularity. 

The second group of stations include six stations in the interior of the Peninsula. 
The amplitude of the variation at these stations is moderate to considerable in amount 
and the variation fairly regular. The following gives a list of this group of stations ; — 


Jubbulpore. 

Pachmarhi. 

Nagpur. 


Poona. 

Bellary. 

Belgaum. 


The mean diurnal variation of cloud at these stations is represented by Fig. 3, 
Plate XL. 

The chief features of the diurnal variation of cloud at the first of these two groups 
of stations are — 


(1) Small to moderate amplitude of variation. 

(2) The variation has only one maximum and minimum, 

(3) The minimum occurs during the night hours, on the mean of all stations 

about 1 1 P.M. 

{4) The maximum occurs at four of the stations at 4 P.M, and on the mean of all at 
4-30 P.M, very approximately. 

' (5) The mean cloud amount for the period at the nine stations is 2*3 and the 

mean amplitude of variation ro. The amplitude varies very slightly from 
station to station and increases on the whole from the eastern to the 
western stations. 

( 6 ) There is a slight but well marked increase of cloud betw'een 4 and 6 'A^M. 

The chief features of the diurnal variation of the second group of stations dre as 
follows-*. — 

(1) The amplitude of the variation is moderate in amount (from 20 to 50 per cent. 

of the actual mean cloud amount of the day.) It is on the average of all 
stations 1*4 and hence considerably larger for this group than for the first 
group. The mean amount of cloud during this period at these stations is 
1*4, ranging from o‘8 at Belgaum to 2'o at Jubbulpore. 

(2) The minimum of the single oscillation occurs between 2 A.M. and 4 A. III. and 

on the average of the six stations at 3 A.M. 
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(3) The epoch of the maximum ranges' between 3 p.M. and 5 p.m.,- and on .lHe - 

average of all stations is at 4 p.M. • ' ' f; 

(4) The evening fall ,is rapid, occurring chiefly between 4. P.M. 8 and p.m., after 

which the amount of cloud is nearly constant during the night; , . , • -;j' 

(5) It is noteworthy fhat there is a w'cll marked increase of cloud between 5 am'/ 

and 7 A.M, which is very clearly shown in the rneari curves, Eigs, 2 and 3 
Plate XL. . .. ''.J.] 

The character of the variation shows that it is almost solely due to'.convective move- 
ment in both groups of stations. The greatest variation - occurs in the Dectari, where^, 
the convective movement is most vigorous during the cold-weather period. It is also,' 
noteworthy that the maximum of cloud, is almost coincident, with the minimum of air' 
pressure and that it is very shortly after the epoch of maximum temperature. 'and ofr 
greatest convective movement in the lowest air strata. That it is almost solely 'due, to.' 
convective action, perhaps slightly supplemented by the day indraught' due to sea breezes 
in the Peninsula, is further confirmed by the following features ■, 

(1) Uniformity of amount during the greater part of the night. ' ■ 

(2) The amplitude is roughly proportional to the amount of convective' action :(a&,' 

measured by ground surface minus air temperature). ‘ -.I 

The following gives the mean data of the diurnal variation for these two .groups of ' 
stations (plotted in Figs, a and 3, Plate XL) : — ' , , ' ■ 


Table LXXXII. 



Variation from mean or 

DAY. 


Midnight 

X 

/» 

3 

4 

5 

6 

8 / 

r" ’ 

9 

xo , 

II ' 



Variation from mean op 

liAY. , ' 


+o‘35 

+0‘aO 

+ 0 - 6 ;, 

+“79-; 
+079 
. +07S . 
+“'47. 

'—“■as. I 

— o'46 I 

0 ' 46 ' 
o'S3 ' 




• In the previous two groups of stations (Type B) it is interesting-to note that .there is- 
a sharp increase of. cloud in the early morning from about 4 A.M. to 6 A.M. or 7 A.M-, ^ 
similar in character to that at the Assam stations but small in amoifrit, A reference to. 
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the curves of the stations composing 
following stations as shown below 






RoOrkce . 

. slightly, 

Poona 

c 

, slightly. 

Jaipur . . 

♦ >> 

Belgaum . 


• )> 

Lahore . 

• 

BcHary 


. very slightly. 

Cutiuck . 

' )> 

Patna 

• 

* St 

Jubbulpore 

* fi 

Hazaribagh 


• »» 

Pachmarhi 

* \> 

Dhubri , 


, markedly. 

Nagpur , , 

• t> 





that is, by practically all the stations of the two groups. 

The action is marked — 

(t) near the sea {vidi' tlm Rangoon curve, Fig. 3, Plate XLII), and 
(2) near the hills, as shown by the curves for Dhubri and Roorkee- 
Ty/ic D . — The diurnal variation of cloud is of the Type D at the following stations : — 


Decsa, 

K«rr.acbcc, 

ChiU.Tgong, 


Trichinopoty, 
Leh, .and perhaps 
Rangoon. 


All these stations arc, with the exception of Leh, on or near, the sea coast. At these 
stations we have evidently an effect due to proximity to the sea, and a convective 
elTect, both m.arked. The former effect is evidently similar to the morning action in the 
.•\ssam V.alley, t.c., a tendency to the formation of cloud in the early morning at the coolest 
time of the night, very slight in amount generally in the dry interior, but locally marked in 
cert.ain cases. 

The following gives the mean data of the diurnal variation for the above named 
group. of stations (plotted in Fig. 4i Pli'tc XL). 


TAtii.n LXXXIII. 


llrvj;. 

Varlatton from 
rrirao of dny* 

1 

Hour. 

Vatiatton from 
mean of day. 

MidnlKh 




—0-33 

Noon 

• 


4o'6G 

1 




-072 

>3 


t 

+ o'67 

2 




—0 74 

14 



+o'()9 

3 



¥ 

-0-S9 

«5 



+0‘66 

i 




— o'45 

tO • 



4o‘65 

5 




— 0-2S 

17 


• 

+o'f>o 

6 




—0-24 

•8 

• 

* 

4o'29 

7 




+o'5S 

‘9 


• 

— O’ll 

8 




+o‘49 

30 



—072 

9 




4046 

31 



— 0-Sj 






0 




10 




+ 0-67 

22 

« 


— o-Ss 

n 




40'54 

5.3 

• 








.\lMn of d.iy . 



3’0I 
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In the case of Leh, the diurnal variation of cloud follows the same law as the diutnal 
variation of cloud over the snows as seen from Simla in fine weather (i/V/e indian 
Meteorological Memoirs, Volume VI, page 35’7.) . V- 

It is a minimum in the morning and gradually increases in amount until 'the war'mest - 
time of the day and then decreases, arid is evidently due to evaporation from the snws. ■' 
The hot-tveather This period is usually characterized by. high 

temperature, large diurnal range of temperature and great dryness of the air'oyer nearlj^ 
the whole of the interior of India. Convective movements are hence very vigorous, due to i 
the intensity of the thermal actions in the interior of India and to, the great differences of' 
temperature between the earth’s surface and the air strata immediately overlying it. '/ 
Local sea winds usually commence in March on the Bengal, Sind and Kathiawar . 
coasts, and intensify rapidly with the increasing severity of the hot ' weather condition^ ' 
Convective movements, due to the forced ascent of these local sea winds by thel Assam, ■ 
Arakan and other hills, give much cloud in ‘Burma and North-Eastern India. A, similar- 
moderate to considerable increase of cloud due to similar causes occurs in Soutliern- 
India. The sea winds on the west coast fail to give rise to much increase of clofai' iit 
the coast districts. There is, on the other hand, a large increase in the West Gh4ts and 
the western half of the Vindya and Satpura ranges (as shown by 'the. data for Belgaum,: ' 
Poona, Nagpur, Pachmarhi and Jubbulpore). ' V ‘ ' 

Over the remainder of India including nearly the whole of North-Western and Ceii-:, 
tral India, the Deccan and West Coast the amount of cloud is small in amount, though.', 
slightly larger than in the preceding season. ^ 

The chief meteorological actions determining the diurnal variation of cloud in (this',' 
season are — 

(1) The large convective movements during the day hours in the interior. - 

(2) The varying indraught by day and night into the interior of India from the 

adjacent seas across the Burma, Bengal, Madras and North .Bombay 
coasts. ' ■ 

The remaining actions enumerated in pages 160— i are probably less influential during 
this period than during the remaining seasons of the year. 'The most iihportant is. (5), ? 
i/rxr , cooling by conduction and radiation in the early morning hours.' 

As some of these actions, more especially convective action, are much mpre-.vigorous ;: 
and energetic in the hot than the cold weather, the diurnal variation at.the majority of 
stations is similar in character to that of the cold weather, but the arnplitude of the warl-' 
ation is much larger in amount.- • , ‘ 

The cold and hot weather periods form the two divisions of the dry season and hre-/ 
characterized by similar meteorological conditions and actions. ' ' , - , ' ' 

The following gives a brief analysis of, the character of the diurnal variation of cloud ■ 
in the hot weather at the 29 stalions-under discussion, arranged according, to, the . types 
(A to D) to which they belong. The mean data are plotted in Figs. 5 to 10, Plate '.XK 
Type A, — To this type belongs , the diurnal variation at Sibsagrr, Goalpara .an'd', 
Dhubri (and hence probably at .all stations in the, Assam Valley) and also at Chittagong, 
and Aden. The diurnal variation at these stations is welL marked. ' It consists of a; 
single oscillation, the maximum of -ndiich at the Assam stations occurs at about 8 
Ihe variation from 2 p.M. to midnight is small in amount and irregular. The diurhat: 
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Variation at Aden belongs to the same type, but is of considerably greater amplitude than 
at the Assam stations. The amount of cloud at that station increases rapidly from I'g 
at 2 A.M. to 7 A.M., when it attains its mean maximum value of 4’ 6, It thence decreases 
to 1*5 at 3 P.M., and is approximately constant in amount until 2 A.M. The variation 
at Chittagong is similar but less regular. The maximum at that station is at 10 A.M. 

The following gives mean data of the diurnal variation for the Assam Valley stations 
plotted in, Fig. 5, Plate XL 
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The causes of this type of variation in the hot weather are similar to those in the 
cold weather (t-rVe pages 169—170), 

Type B . — The stations of which the diurnal variation of cloud in this season is of 
this type ate arranged in two groups. The first group includes Jaipur and Hazaribagh. 
At these two stations the amount of cloud is practically constant on the mean day of the 
period from 8 P.M. to 1 1 A.M. and incrc.ascs to the maximum of the day at 3 P.M. 
decreasing again until 8 P.M. The only important feature is the oscillatory change from 
II A.M. to 8 P.M., reaching its maximum at3 P.M. 

There is a tendency to slight increase of cloud in the early morning. It gives rise 
to a slight oscilhation between 4 A.M. .and 8 A.M., the maximum of which is at 6 A.M. 
It is more marked at Hazaribagh than Jaipur. 

The second group includes the Peninsular stations of Jubbulpore, Pachmarlii, 
Nagpur, Bellary, Belgaum, Poona and Trivandrum. 


X 
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i 

At these stations the afternoon oscillation is large and well marked. There is at 
these stations, as at the previous group of stations, a tendency to a slight increase of cloud 
in .the early morning. It is barely traceable in the Jubbulpore, Trivandrum and Nagpur 
curves, but is distinctly shown in the curves for Belgaum, Bellary and Trlchinopoly, 
This feeble morning oscillation extends from 4 A.M. to 9 AM. and has its maximumat 
6 A.M. 

The following gives data for the diurnal variation of the two ‘groups of stations for 
comparison {vide Figs. 6 and 7, Plate XL) . — ■ 
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The most interesting of the two varieties of this type is that of the Peninsular stations. 
The following gives the chief features of the diurnal variation of cloud at these stations 
during this period : — 

(1) A day oscillation of large amplitude, the maximum amount occurring at 4 P.M., 

shortly after the period of highest temperature and greatest convective 
activity in the lowest air strata. At Belgaum the maximum is at 2 P.M. 
but the cloud amount is almost constant during the next two hours. 

(2) The amplitude of this day oscillation increases from March to May and is very 

large in the latte rmonth at the stations in the Central Provinces and in 
April at Bellary. It averages 4'2 in May at Nagpur (the mean cloud amount 
for the month being only 4'o) and 4’! in April at Bellary (the mean cloud 
amount for the month being 3’6). 

(3) The night and early morning oscillation is of small amplitude and varies 

considerably in its period and amount at different stations. The maximum 
vanes slightly in its epoch, and occurs on the average of all stations at 6 A.kh' 
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(4) The mhtim?. vslue? of ihc cloiul BU’.omnt are at muiiupht awl at 9 ‘ 3 oA.M. 

(5) The variatirnr. are smaU ilurinr; tiic ni^lit hours from 8 i’.M. lo 4 a.M. 

I he Tat'.atjon at Jaipur and Uararih.\!»ti is chictlj' due to convective action. In the 
Penlrjsuia it is due to conveeiiu’ .aclien and lo varyint' indraught from t lie neighbouring 
seas. At Poona awl Petgautn the air tnovenicnt shov.'; a strong land influence during th.c 
right hour? .and a strong sea influence during the day Iiours. The amplitude of tiie diur* 
nal vammon 1? hrnco very huge at the^e.'t.ations during this ptriDd, consisting of a double 
cecj'l-uion e.cch of moth-rate .ard comparrsblc amplitudes. 

Tr/c C. — ^Th«; rt-ationf. at v.hrch the diurnal vatiatiem if. of this type may he .arranged 
:n tv<-o groups accord:!-, j; to tl'-c relativi- magnitudes cf tlic two orciliatory variations of 
which it cm Ti‘.e flr*t p.Cvvap ;n v.5i-i:U tfuc morning osciltarion is relatively the most 
tnip-r?:.:r.; -rredude.'. Kurr.-che- and Cntt.'-.ch. 

Tr.c r n'-.'inl f:«e.;-p include'- crjt.ain ftarions in Xnriherir India fr>r which the ampli- 
tude'-. c-l ;h*? tv.o t rrulaticns ate net barge r.nd ate r.ppro.imatcfy etjunf in .amount. Tlicrc 


l.uA,n.i 

I ,''.tna. 


A • 

A!!.;h.a:>,ad. 

Dccfa. 


TS :* fc’.lowir'g pi'.c-' turMt data sc-i tr-.c rrnal variation of the two groupt ci ;4.a',',r:‘.? 
!ct c.mp’ur-.cn. Timy ;T<r p; Jtird in i-;;;:. .S ,-.r.d 9, i’iatc X!.: — 





t)8 DISCUSSION OF THE RESULTS OF THE HOURLY OBSERVATIONS 

The maxima epochs at stations of the first group are at 7 A.M. and 4 p.m. and the 
minima at about 1 1 A.M. and midnight. ^ ‘ 

Tyfe D . — The diurnal variation of cloud during the season is of the type D at 
Rangoon, Trichinopoly, Calcutta and Lahore. The hourly variations for the mean of 
these stations (excepting Calcutta) are given below : — 


Table LXXXVII. 


Hour 

m 

Hour. 

Varwlion from mtan 
of day 

Midnight 




—1 03 

Noon 



• 

+059 





— i*o8 

>3 



• 

+075 

3 




—095 

14 



• 

+085 

3 




— 0 91 

>5 




+098 

4 




—080 

x6 



. 

+1 06 

5 




—022 

17 



• 

+092 

6 



. 

+035 

18 



* 

+ o‘83 

7 



• 

+053 

19 



• 

— 024 

8 



« 

•f-o 43 

20 # 



• 

—0 /6 

9 



• 

+049 

21 



• 

—084 

10 




•4*0 58 

22 



• 

1 

0 

II 




+031 

23 



• 

—096 






Mcon of daj 



• 

3 31 


The cloud amount at these stations is nearly constant from 8 P.M. to 4 A.M. It thence 
rises very rapidly until 6 A.M. and is nearly constant until noon. It thence rises again 
slightly to the maximum of the day at 4 P.M., falls very slightly until 6 P.M and thence 
very rapidly until 8 P m. 

TJlG vaiivy season. — In this season the meteorological conditions are favour* 
able to cloud formation over nearly the whole extent of India. A humid current of great 
volume and moderate intensity flows from the Indian Ocean across the Arabian sea and 
Bay of Bengal into India. This current is of considerable depth, probably exceeding 
13,000 or 14,000 feet, over the greater part of India during the period. It is also highly 
charged with aqueous vapour, and hence the very feeblest disturbance gives rise to con* 
densation, formation of cloud and rain. In the neighbourhood of the coasts and the 
mountains of Western, Northern and Central India skies are almost continuously overcast 
during the greater part of the period. The mean cloud amount decreases from these 
districts westwards and northwards towards the drier districts of the interior, including 
Baluchistan, Sind, West Rajputana and the West Punjab. “ ' 

The cloud data show that skies are heavily clouded throughout the whole season 
in the coast and hifi districts and also in the North Deccan. In the interior of Northern 
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India, including the Gangelic Plain, the East Punjab, Central India and East Rajputana, 
the amount of cloud is slightly less than in the coast districts in the months of July and 
August, roost fully representative of the period. 

The amount of cloud decreases rapidly westwards and northwards in West Rajpu- 
tana, the West Punjab and Sind, and is small in Baluchistan. In these areas periods of 
fine weather alternate with short occasional intervals of disturbed weather with cloud and 
rain, due cither to the march of cyclonic storms from the Bay into Upper India or to the 
prevalence of a very strong advance of monsoon winds to the extreme limits of the mon- 
soon region in India. 

It may also be noted that the monsoon currents arc usually not fully established 
over the whole of India until nearly the end of’ June and that they commence to withdraw 
from North-Western India in Seplembcr. The months of July and August are hence 
most fully representative of the rainy season. The months of June and September 
are transitional periods in North-Western India and the cloud conditions of these 
months arc more or less combinations of rainy season conditions with those of the 
preceding hot weather season and subsequent retreating south-west monsoon season. 

The diurmal range of temperature is considerable during this period in the drier 
districts of the Deccan .and over a large area in North-Western India including Baluchis- 
tan, Upper Sind, Rajputana, and the West and Central Punjab. The indraught into India 
from the neighbouring seas has a corresponding fluctuation. In other words, the air 
movement over the interior of India is, as a rule, feebler by night than by day and the 
increased air movement attains its maximum at about 2 P.M, or the period of maximum 
day temperature. This increased iiorizontal activity accompaincs increased vertica 
or convective movement. These actions hence give rise to a corresponding diurnal 
variation in the amount of cloud, the chief causes of which may be summed up as 
tollows; — 

(1) Diurnal vari.ition of the intensiiy of indraught of the humid currents into India, 
in l-irgc p.irt due to the diurnaf variation of temperature in the interior. 

{2) Large convective action in the drier districts of the interior. 

(3) Actions preceding and accompanying general rainfall, more especially during 
the march of cyclonic storms. 

Type / — The diurnal variation of cloud amount during this season belongs to this 
type (a single oscillation, the maximum of which is in the morning) at the following 
stations : — 


Go.alp.Tr.i. 

Sib-iag.ar. 

DImtiri. 


Kurr.nchcc, 

Aden, 


At the Assam stations the variation is of moderate amplitude, attaining Its maximum 
value nl 6 A.M. and minimum at 8 r,M. The following gives mean variation data for tlie 
three Assam stations (Goalpar.a, Dhubri and Sibsagar) where the law of variation is of the 
same type throughout the whole year and also for the remaining st.ations of the group, vie., 
Aden and Kurracbcc. The data for the Assam stations are plotted in Fig. 1 1, Plate XL. 
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Table LXXJCVIIl. 


Hour. 

Variat^o** from mean of dav 
aT Assam stations 

Variation rrost kun ofUay 
( kurnclicc anti Aden ) 


Vnnation. 

Amount, 

Vanatjon, 

Midnight 

• 








7 ’ 4 J 


5'38 

+079 


• 








7 91 

•+031 

sfis 

+077 

2 

• 


• 






8 ’H 

+051 

563 

+C '74 

3 

• 


« 


• 




834 

4074 

580 

+092 

4 

• 

• 

4 


« 




828 

+ 0-68 

5-30 

•fo 62 

h 



« 






Eta 

•Wia 

Sift. 

■h'i -37 

6 


• 

• 






867 

+t 07 

S '38 

+045 

7 





• 




8-39 

+079 

SIS 

+027 

S 

• 


• 


• 




8 's 4 

+o'64 

4 ’ 9 S 

+007 

« 

9 





« 

* 



791 

+o' 3 J 

4 TS 

+ 007 

XO 

• 




« 

« 



< 7 ‘ 9 S 

+038 

4-90 

+ 0'03 

tl 


• 

• 


« 

• 



7'57 

—0 03 

4-08 

—021 

Noon 

• 


« 



• 



7-36 

—024 

4 20 

— 0 69 

13 


• 

« 


• 

• 



7-46 

— o'i 4 

393 

—095 

J 4 

* 

» 

• 


• 

« 



7 3 + 

—026 

3'93 

— o '96 

tS 


« 

• 


• 

• 



7-35 

— 0 25 

4 ’o 3 

—081 


* 




• 

• 



7'44 

— 0 16 

4'23 

— 066 

17 



• 


* 

• 1 



7 ’ 2 C ' 

—0 34 ' 

4‘33 

—056 

18 





• 

• 



7 ‘ 2 S 

' -03s 

4*45 

- 0'44 

*9 

• 

• 







6 'go 

^0 70 

4-68 

— 0 21 

20 

• 

• 







6-47 

1 —ITS 

4'65 

—0*24 

21 

• 

• 







&S0 

“X‘IO 

470 

— o*rg 

22 





• 

• 



6 8s 

—07s 

5 ’ 3 t> 

+0M2 

23 

• 


• 


• 




7.00 

—0 60 

S '38 

+ 0*49 

Mean of day 


* 


• 

• 



• •• 

7 60 

... 

4-89 


The diurnal variation of cloud in this setison at Aden is large in amount. It i 
largest dhring the night hours ftom 8 P.M. to 6 A.M. when it is practically unchangei 
in amount, averaging 3*7. It decreases rapidlj' ironi ^ A.M. to i P.M. when it is only U 
(the minimum of the day). The variation at this station is apparently a result of th 
rapid heating of the rocky hills during the day hours and their equally rapid coolin 
during the night hours, and is hence due to special local causes or actions. 
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Type B , — The diurnal variation of cloud is ofithis type at eight stations, which may 
be subdivided into two groups. At the stations in the first series the variation is moder* 
ate to large in amplitude, whilst at those In the second series it is slight ; — 


Fjrst Group, 
Lch. 
Cuttack, 
Bellary, 
Agra. 


Second Group 

Jubbulporc, 

Nagpur. 

Poona. 

Pachmarhi. 


The following gives mean hourlyvariation data for the two groups of stations (exclud- 
ing Lch) plotted in Figs, ta and 13, Plate XL ; — 


Table LXXXIX. 


HoV». 

VAtiutioN rroM Wf AS or 

VAX, 

Houk. 

Variation rnoii mean or 
OAT. 

Hi Gfcsp, 

2nt3 Cccup* 

Ill Group. 

snti Group. 

Miiininbt 


. 

. 


— <l -£>5 

’—O' Jo 

Noon • • 





+0-25 

! 

« 




— o'Ci 


t$ • 





+0-31 

2 

■ 


• 


~w5ij 

— 0-js 

14 . 




+ 0-85 

•fo-15 

3 

• 




— o'63 

— 0'24 

15 • 




+ 0-69 

•to- 10 

» 

T 

• 



» 

- 0-65 

— 0M9 

lO • • 


• 

* 

+0-89 

+007 

S 

« 




— <)‘S« 

— o-l? 

17 . 



• 

1-071 

+0-14 

6 



« 

* 

—*■19 

0 

l 3 . . 


• 

• 

-to -49 

+0-19 

7 




4 

—0-03 

+004 

19 



• 

+ 0‘0J 

•to’io 

S 




» 

«fO*OJ 

+ 0C.; 

20 « • 



• 

—0-39 

— 0*13 

9 

* 



« 

+ 0'Oi 

•*-009 

31 



• 

— 0-53 

— O' 18 

JO 





4 o' 3 J 

■ 4 -o '33 

32 • 



• 

•—0*66 

— o'as 

ti 

• 




^C'49 

+035 

33 • 


» 

« 

'*-0*71 

— 0-37 








Mean of tl.iy 



• 

< 1-64 

8 'S 4 


The epochs of the maximum and minimum values at the first group of stations are 
at 3 P.M. and 1 1 P.M. The average cloud amount differs very little at the Peninsular stations 
in July and August, r.nnging between 7-8 at Bcllary and 8*5 at Bclgaum and Nagpur, and 
g’o at Pachmarhi. It is considerably less at Agra (6‘o) and Cuttack (6'7). The amplitude 
of the oscillation on the whole is largest at the stations at which the cloud amount is least, 
t.g.^ Cuttack (2'o), and is very small in the case of the stations in the Central Provinces 
and North Bombay, e.g,, Nagpur (o'8), Jubbulporc (o’6) and Poona (0*9). 

Type €. — diurnal ^-ariation belongs to this type at Trichinopoly. The maxima 
occur at 7 .a.m. and 7 P.M. and the minima at noon and 4 A.M. The morning oscillation 
ts slightly larger in amplitude than the afternoon. Both are, however, well marked, and 
the curve for Trichinopoly (Fig. 14, Plate XL) is a good -exampie of this type of variation. 
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DISCUSSION OF THE RESULTS OF THE HOURLY OBSERyATIONS 


The variation is very small at Deesa and Trivandrum, but belongs to the same 
type. 


Table XC. 


Hour. 


Midnight 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

II 



Type D . — The diurnal variation belongs to this type at the following stations i— 


Jaipur. Allahabad. 

Lahore. Hazaribagh. 

Belgaum. Lucknow. 

Rangoon, 


At all these stations there is a considerable increase of cloud in the early morning 
hours from 4 A.M. to 6 A.M. or 7 A.M, From that hour until 6 P.M. the amount of cloud 
varies very slightly. A rapid fall occurs between 6 P.M. and 8 P.M. or 9 P.M., after which 
the cloud amount is fairly constant until the early morning. The amounts of the early 
morning and evening changes differ considerably, being on the whole largest at stations 
most distant from the sea (represented by Lahore and Lucknow). At Roorkee, imme- 
diately under the hills, the variation is much less-^showing that position relative to the 
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hills as well as to the sea exercises an important influence. The following table gives 
mean variation data for the group oi! stations : — 

Table XCf. 


Vanallon from 
tlay. 


VarJatton from 
mean of ’ 
day. 



Midnight 

. 

• 

4 

• 

I 


• 

« 

• 

3 


• 


• 

3 




• 

•4 





5 





« 





7 

• 




S 

• 



• 

9 

• 


• 

4 

10 

. 

4 

« 

4 

II 

• 

« 

• 



0-83 



Noon .... 

+W 58 

13 « « * • 

+o’sS 

14 > • 4 • • 

-ho-O-t 

^3 4 • « ■ 

+o'6i 

<6 .... 

+ 055 

4 • 4 • 

+o‘4o 

tS .... 

•f 0*.?^ 

^9 • * • • 

— 0‘15 

■■0 « • « 4 

— o’C6 

» . . • 

— o'S3 

33 4 . * 4 

_o-75 

23 .... 

— o'SS 

Mean cl d.ay , . . 

7 ‘ 3 o 


27/C rctreaiing Honih-tvcst monsoon y>c/‘/orf.— This is a transi* 
tional period. The humid currents of the souih-wesi monsoon gradually withdraw from 
the Indian area, and arc replaced by light hand winds which gradually develop into the 
winds or air movement of the north-east monsoon. This change commences in Upper 
India in September, in the Lower Gnngciic Phiin and Central India in October, in Burma 
in October or November, in the Deccan and North Madras in November, and is generally 
completed in Soutli India, Ceylon and the south of the B.ay in December. These 
changes give rise to corresponding variations in the amount of cloud which alters 
from that characteristic of the rainy season to that of the dry season In Northern and 
Central India. 

The following mean cloud data illustrate fully this change and its progress south- 
wards and c.astwards : — 

Tabli; XCII. 



AvoAiir. r/firoDTiofi or ctoumn snr in 


Punjab . 
Sind 

Rajjititana 



OvtM-rt, 

" 

1 w 

o'l) 

«'7 

23 

07 

'■3 

4 ‘« 

vO 

«*4 
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Table XCII— concid. 


• 


Avfraoe eROpoitTioM or ciouded sky l^ 

Akea 

‘ 

September. 

October, 

’ 

No\ ember. 

December, 

PerioJ 

September to 

December. 

North-Western Protinces .tnd Oudli 

• • 

■a 

1*2 

mm 

19 

2 2 

Bihar ...... 

• • 


30 


13 

29 

Central India .... 

• • 


2 ‘S 

«4 

>7 

2-8 

Chota Nagpur .... 

• • 


44 

2-5 

2 1 

43 

Bengal ...... 

• • 


4’3 

2 6 

2*0 


Central Protinces .... 

* a 

6*1 

2 8 

vs 

n 

31 

Berar ...... 

a • 

66 

3 'S 


2*1 

36 , 

Dcccan • • . « • 

« « 

7‘4 

54 


28 

48 

Burma 

• • 

7-6 

55 


2-8 

"so 

South Indi.'i 

• • 

69 

6 i 


4-0 

56 

Himalayan Hill Stations, Kashmir . 

. 

3'9 

3-3 

37 

55 

41 

„ „ Punjab and North- 

Western Provinces . 

} 5-4 

18 

X 2*1 

36, 

32 

„ „ SiM.im . 

a • 

73 

4-9 

35 

3-6 

4S 


The cloud amount steadily decreases from September to December in Burma,- 
Bengal and the Peninsula and is small over the whole area in December. It is through- 
out small in North-Western and Central India, but increases slightly in November and 
December, due to the occasional passage of egrly coldrweather depressions across these 
areas. 

Type A , — The diurnal variation of the cloud amount in this season belongs to 
Type A., at the Assam stations and Aden. The representative curve for these stations 
given in Figure i 6 , Plate XL, has a single oscillation, the maximum of which is in the 
morning at 9 A.M. 

The variation is of moderate amplitude at Goalpara and Sibsagar and the represent- 
ative curve for this season is similar to those of the preceding seasons of the year. The 
maximum at Goalpara is at 8 A.M., at Aden at 9 A.iii. and at Sibsagar at lo A.M. The 
minimum is at 5 P.M. at Aden and at about 8 P.M. at Sibsagar and Goalpara. The 
amplitude of the variation is about i '2 at Sibsagar, 1*5 at Goalpara and 2*5 at Aden 
(the mean cloud amount being 3’i). 

The increase of cloud in the early morning hours at the Assam stations appears to 
be due, as already explained, to the following actions : — large evaporation and modpratp 
convective action. 
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DISCUSSION OF THE .RESULTS OF THE HOURLY OBSERVATION 


The' second group of stations at .which the diurnal variation- is of the Type- B ' 
includes— " 


Hazaribagh, 

Patna, 

Allahabad, 

Lucknow, 


Roorkee, 
Jaipur, 
De'es'a, ■ , 
•Leh, 


Trivandrum 


that is, the majority of the observatories in Northern India. 

The variation at the stations in the interior of Northern India exceptXeh is of smallish, - 
amplitude. The maximum occurs between 2 and 4 p,M. arid the minimurri during Ih^'-' 
night. At Leh the amount of cloud is almost constant from 8 P.M. to, 5 a.m.. It thence ' 
rises slightly until 7 A.M. and is again constant until 10 A.M., after which it incr'easW ' 

rapidly to the maximum of the day at 3-30 P.M. - 

These stations, almost without exception, show a slight sharp' rise about sunrise. The 
early morning variation or oscillation is fairly well marked at Patna and Hazaribagh, and ' 
these stations might perhaps be included in the group, Type C. ’ 

The following gives mean data for the two groups of stations (plotted in ' Figs. 17 • 
and 18, Plate XL) ' ' • ' ' ' ^ 


Table XCIV. 


Hour. 

VARtATlON PROM MEAN OP 

DAY 

Hour. 

Variation pRoii uea« op ■ -• 

• ' ■ DAY. ■ i / • 

ist Group* 

2nd Group. 

ist Group,' ■■ 

snti Group. 

Midnight • 

• 

—0-63 

' 

— o'36 ■ 

Noon , 



+0-68 

. '+ 0 - 3 I 

X • • 

« 

— 0-67 

—0*40 ' 

, J 3 



+w8o 

+ 0 - 4 ; 

2 . 


—0*72 

— o '43 

14 



+ 0 - 9 S 

' ' +o‘()0. ;■ 

3 


— o;69 

■ — o '43 

»5 



+o’96 

-j+'d '64 

4 . . 


— 0*69 

-0-38 

16 



, fo '^1 . ■ 

4.0-66 

5 


— o'Gx 

—0-31 • 




+074' 

t +0*46 " 

6 . . 

« 

— 0*09 

— o’o6 

18 

« 


■+ 0-39 '■ ■ 

-j-0'26 ‘ 

7 • ‘ . 

t 

+ 0*11 

+ 0'0I 

*9 ' . 

• 




8. 


+0'I3 

+0‘0I 

20 

• 


. -^^47 . 

—0*28 “ 

9 


+ 0-14 

• +0'0I 

2X ■ , 



-^•52 

— o'3t; 

10 • ' • 

• 

+0'33 

+ 0'09 

22 . ; , 

• 



■ *-o-33 '■ 

, XI • • 


+o‘47 

+o'i9 

*3 



' o'63 

■ . 0-31 





Mean ol d-ay 

• 

• 

3'3S - ■ 

' 2'2() V ' ' 


The diurnal variation of cloud, /,<»., the increase in the day period from, -8 ,A.M. to 
2 P.M. and its decrease until 8 P.M. is clearly due to ascensional -and convective,' move* • 
jnents accompanying the rapid day changes of temperature. In the dry interior of Northern 
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and Central India, the movements arc not sufficiently crcat to give rise to much cloud. 
In the d.ampcr co.ast districts of Bengal and in the I’cninsula, over which moderately 
damp nortiweast to cast winds obtain, these divtrnal convective movements give rise to 
a very considerable vari.alion of cloud. 

C . — The diurnal variation at .Mlah.abad, P.ntna .and Haz.aribagh, which have 
been included in tlu' precedinj; type, mighi, perhaps more properly, be given n-s belonging 
to lypc C, th.at of a double oscillation tn which the .amplitude of the morning oscillation is 
much sm.allcr thart tlmt of the .afternoon oscillation. The following gives comparative 
thita for this group of stations : — 


T.\:t.r. >:CV. 



/A —•Th'- dsurr.al Y.'.ri,ation turlorrgs to this type at two stations, vm., Rangoon 
arc Kttrr-ichre, At the fif t 'tatton the vari.atinn is v.rl! marhed. The rloud amount at 
th.tt ^ration ?< mrirtau; from S g.ri. (o 2 A.'l. It llmnce rises to 7 A.M,, .and is pmeti* 
caUy cca-itar! dcfing, the day hours irnsll r.M., when it iK-giri.s to fall rapidly .and 
ccr.tioims to fsll until S f'.M. 

The varir-tiorj .at Kurrach'-^ h of r-m-all -amplitude .‘.nd the curve similar to that of 
the cc'd neath.'-f. 1 he rimplittide i.', on the other hand, large at Rangoon. 

'Jhe .ae'Jcr.t giving rl*c to thr d)Uir,.'ri variation of cloud at these stations .arc 

(l) l.and and re's hrccrcf. 

(?) Ev.tpof.uion. 

{.*,) Contcciion, 
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XL sroup of stations , (plotted in ,Fig;‘ i^/ Pla't^ 

' . . Table XCVI, •, 


Hour. 

Variation trora 
mean of day 

" ' 'Hour. . . , : 

Vanation from * 
.mean of 

M idniglit . • . , 


-—0 76 

Noon-. . 

' ■* a 

' . +071 , • 



-o ;93 ' 

' 1 

«3 •, T • 

• a 

. ' -4-076 

2 • • . 


—0*84. 

14 ‘ ; 


, . +o'8S', '■ 

3 .» • « • 


— 076 

15 . . 


; . " +o’64 

4 . . . ■ 


—0-56 

.16 . . ; 


. , r, +o'63 . 

5 j • • • ' • 


—0*22 - 

»7 •' . ' . 


' - + 0 ' 5 '’. 

6 • 1 4 


+ 0-33 

18 . . . 


' -f-o-i5 - 

7 . . 


• +0-65 

19. . 


0-58, 

8 1 a « 

a 

+0-66, ' 

20 • _ ■ * , 


.—076 ■ 

9 a a a 


+0-53 

21 , a a ' , ' 

a . a ‘ 

; —076 , 

to a a ' , 

a 

+0-48 

. { 

22 . - . 

• ' 

• — o'69 ' 

It a • a 

* 

■ i - 0‘66 

23 . ^ . 

• ' • 

. ‘ : “°‘74 , ' 




Mean of day 


; ; 2*24. 


, . ° , '7 II- may oe assumed, that the cloud due.. 

to cyclonic storms and accompanying general bursts .'of.rain'in the monspon- will, ' on tii'e.’ 
average, give rise to a nearly uniform diurnal distribution, and hence tliat’it will at the’: 
utmost modify the cloud amount approximately to the, same extent throughout the, 24" 
hour period. The diurnal variation disclosed by the data, and discuss^d'.in the - preceding' " 
pages may hence be assumed to be chiefly, if .not solely, due, to periodic causes or actions.;'; 

JDimsioii of clay into five {periods, based on the cUiirnat. 
variation of Gl0UCh—i:\\QY>rjcQ^\nz analysis has' hence. .'shown that-' th'e'.'diurhai;' 
period may, so far as the.changes in amount of.cloud are concerned,.be divided into five '.' 
intervals., 

These are as folloivs : — ' ' ■ ; ' ' ■ 

jst. From 8 P.M. to 4 a.m. in which the processes’ oh the average, neutralize eacH, 
other, and the mean variation 'of the cloud amount is very .small. ■. ' "'V, ' 

Frorn 4 A.M. to ‘6 a.m, or 7 A.M.'ih which there is'a shWbut rapid incr'eaW, 

0 c ou^ due to radiation and conduction, and accompanying the arrest or ^ 

discontinuance of ;descensional movement^ ' .. / ' ' . 

jfd'. From 6 A.M. or 7 A.M. to 16 a.m. or 1 1 a.m. in which the actions of radiation;' 
and conduction are, In opposition to. that 'of the solah actian, .the eflect ' of'’ 
which is-at first small but increasing, and which is chiefly exhibited in. in-’, . 
crease of temperature at this 'stage or in dissolution .of cloud. : The resultant' 
cloud amount during this -period vary very considerably ii); ‘ 
Jfferent districts and in different seasons, and may be either (i) actdal slight’ 
ecrease o cloud, (2) constant -cloud, and (3) increase of 'cloiid butle^, " 
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4fh, — ^From 10 A.M.'or n A.M. to 3 P.M.or 4 P.M. during which the most important 
factor is increasing convective movement depending upon the character of 
the prevailing air currents, more lespecially in the districts on and near to 
the coast. The effect of the action is to give a considerable to large 
increase of cloud, reaching its maximum at 3 to 4 P.M. 

- J//i. — From 3 P.M, or 4 P.M. to 8 p.M, during which convective movement dimin- 
ishes and finallj' ceases and descensional movement commences. There is 
hence a rapid decrease of cloud during this interval. 

The preceding division of the day is chiefly based on the fact that the diurnal variation 
of cloud over nearly the whole of India consists of two oscillations : an early morning 
oscillation and an afternoon and evening oscillation. These differ largely in relative 
ampliuide in different seasons, the latter being exaggerated in the hot weather and the 
former in the cool weather, and to a less extent in the rains. It may again bo noted 
here that the only exceptions to this are the Assam stations and the coast stations of 
Aden and Kurrachce. Tlic chief point of difference between the curves representing the ■ 
diurnal oscillation at the great majority of stations in India is the character of the transi- 
tional change from the morning to the afternoon oscillation. 

The chief actions tending to the formation of cloud have been slated in pages 160-J. 

They may be summed up as follows; — 

(1) Cooling due to T.adiation, conduction or diffusion. 

(2) Cooling due to surface or volume mixture of air masses of different temperatures. 

(3) Cooling due to .ascensional movement from whatever c.ause arising. 

The first two may be termed irreversible processes. The last is reversible if tlie 
direction of the movement be reversed. The actions then called into play tend to the 
disappearance of cloud. 

The following is a more complete investigation of the cloud features in each of the 
five periods of the day (named above) and of the chief actions in each of these periods 
giving rise to ihe formation or disappe.arancc of cloud : — 

/. — First period of the day from 8 pjf. to 4 A.M. — The variation of the amount of 
cloud during the first period of the day from 8 P.M. to 4 A.M. is small in amount at all 
stations and in all seasons. 

For example, at 22 out of the 26 stations for which curv’cs are given, the cloud 
proportion is unchanged in amount during this period of the day during the cold weather 
and on the mean day of the year. This period of constant cloud (small in amount) is some- 
what shorter in the hoi we.athcr than in the cold weather season, terminating about 3 A.M. 

Tiic chief actions or conditions in operation from 8 P.M. to 4 A.M. arc — 

(1) General compression or slight descensional movement during the night tending 

to diminish in amount, as the rate of decrease of temperature diminishes 
during the ni^ ht. 

(2) Special descensional movement in, mountain valleys and at the foot of large 

mountain r.angcs. These movements tend to give rapid decrease of cloud 
followed by clear shies, 

(3) Conduction and radi.alion. — These processes act in opposite directions, but on 

the whole tend to give increased cloud. 



igo DISCUSSION OF THE RESULTS OF THE HOURLY OBSERVATIONS 

(4) Almost entire suspension of air movement in the plains of the-interipr of India • 

during the night hours on at least three nights out of four oh the average • , 

of the year. This of course accompanies the absence of convective move- • 
ments. . ' • ‘ L. 

During the period from ib P.M. or 1 1 P.M. to 3 A.M. or 4 A.M. the chief actions are slow, ; '• 
descensional movement tending to diminish cloud and radiation and conduction ten'ding'j, 
to increase cloud. ' These actions, as shown by the actual results, almost balance each ' 

other until about 3 A.M. or 4 A.M., the variations in the amount of cloud during this ■, 

period being on the average very small. This is at once evident from an examinatiori of; ■ ' 
the curves, more especially the type curves in Plate XL. ' , - ” 

The following give a connected statement of , the actions in operation during this-' 
period and the following periods:— , •' 

Alter sunset, especially in fine clear weather, the temperature ■ of the earth’s , 
surface and lower air strata diminishes rapidl3^ Convective movements cease in the' • 
•lower strata after 4 or 5 P.M., and in the middle atmospheric strata' (as shown by the ■ 
homogeneity of the air) after 5 P.M. to 5-30 P.M. A slow movement of contraction and 
descent follows for some hours. In the earlier night hours the tendency of these .conges; ' ' 
and actions (t.c., cessation of convective tnovements and the' commencement and 
continuation of slow descensional movement) is to diminish the amount- of cloud 
These actions are vigorous in the dry weather and slight to moderate in total aihpunt 
according to position with reference to the seas and hills. Hence in all seasons, the 
amount of cloud falls to a minimum during the evening and early morning hours. ; ■ 

This period as a rule lasts from about 7 or 8 P.M., to 3 or 4 A.M., During this. ' 
period the middle and upper air strata having been slowly cooling due to radiation, chielly 
from the dust particles contained in the air surface, and by conduction from the air to ; 
the dust particles or from one air stratum to another air stratum (adjacent to it) of different 
temperatures and humidity. If any such air stratum be not very far from'its saturation 
point, there are hence invariably at work actions which tend to reduce it to that point, and' ■ 
consequently for condensation to commence and give rise to the formation of cloud, As • 
these actions produce no visible effect until they reach the actual point of saturation,- this 
formation of cloud will in all cases occur suddenly and rapidly. Hence if this explanation . 
be correct there will be a marked tendency to a brief , rapid increase of cloud in the-carly 
morning hours. I have, when travelling at elevations of over 10,000 feet in the Himalayas, 
witnessed on more than one Occasion the change from a clear sky 'to a sky completely 
obscured by cloudor fog at a moderate elevation in less than .ten minutes, due apparently 
to some similar action. An examination of the cloud curves in Plates XL to XLVII'sliows 
this to be one of the most prominent features of the cloud variation, , , . - ! 

The contrast between these two sets of actions (from gA.M. to 4 P.M. and. from 4 P.M. ' 
to 7 or 8 P.M.) is especially marked in fine weather over- the Himalayas where invariably, 
cloud of the cumulus type forms and accumulates, increasing in volume and depth until-,, 
about 3 or 4 p.M. It thence thins off and gradually disappears, and usually by 5-30 P.l'L’’^ 
skies are again clear. , , , ■ , , , ■ 

An interesting inference from these facts is'that the actual mean amount for this period" 
of the day in the dry season differs little from the mean amount of cloud due to disturbed', 
weather during that season. If this be' the case,- the following gives an approximate value . 
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of the amount of disturbance (as measured by its cloud producing effect) during the cold 
and hot weather seasons : 


Lahore . . 

• -S'? ■ 1 

Cuttack . , 


. To 

Allahabad . , 

. 1-6 

Jubbulpore 


• i'5 

Jaipur . 

. 25 

Nagpur . 


• • >'5 

Patna . . 

• >‘5 

Poona 

• 

. 0-5 

Chittagong 

. . fO 

Bclgaum , , 


. 0-5 


//. Second feriod front ^ a^m. to 6 AM. or 7 AM. — It has been pointed out in tlie prece- 
ding discussidn generally that there is a tendency to an increase of cloud during this period 
in all seasons and at all stations almost without exception in India. It is as regular a 
feature as the increase of air pressure between 4 A.M. and 10 A.M. 

The following are the chief inferences respecting tiiis formation of morning cloud 
_(t) It occurs at all stations in all seasons, the amount of the increase differing 
however, very considerably with season and locality. 

(2) It is during the rains or wet season marked at the coast and interior stations 

subject to the full influence of the monsoon. It is for example very, 
pronounced at Allahabad, Rangoon, Deesa, Trichinopoly and Bombay. 

(3) It occurs markedly in Southetti India during the retreating south-west monsoon 

and to a less extent in May when there is a large indraught from the neigh- 
bouring sea areas. It is, on the other hand, very feebly exhibited in Northern 
India during this period. 

(4) It is clearly exhibited in North-Western India during the cold weather, mpre 

especially from December to February, the period of cold weather storms. 
It is, for c.vampic, marked at this season in the curves for Lahore, Deesa, 
Jaipur, Rangoon and Chittagong. It is also clearly shown at the Peninsular 
stations, more especially Poona, Bclgaum and Trichinopoly. 

• (5) In the hot weather it is marked in the Deccan, Southern India and in the coast 
districts represented by Kurrachee, Cuttack and Rangoon. It is also 
exhibited clearly, although slightly, at stations in the interior of Northern 
India during this period. 

(6) It forms the chief feature of the cloud variation at certain stations, viz.i 
Sibsag.ir, Dhuhri, Goalpara, Kurrachee, Chittagong and Rangoon, and 
probably Bombay and Madr.as (situated either in the damp Assam V.illey 
or on the sea coast). It is so marked that it gives rise at these stations 
to an oscillation in the morning, the period and amplitude of which on the 
mean of the year arc shown in the following table: — 


Tauuk XeVtI. 


Statio;;. 

IVivhI H 

the 

inciriofi. 

Maximum ci>o<h 

AmpUluile. 

Katto lo mcin 
c'otitl 
amount. 

Silri.nR^r . . 

3 a.m. (0 9 .est. 

9 A.M. 

04 

0 1 

Dl'.ubri ... 

5 A.M. lO 7 A.M. 

7 A.M. 

0-7 

0 2 

Go-alpar.-i . . . 

4 A.M. 10 8 A.M. 

8 A.M. 

O’s 

0*1 

Kurr.ictic<i . 

4 A.M. 10 7 

7 A.M. 

0-4 

0*t 

ClnUaRonz . 

4 A.M. 10 0 A.M. 

0 A.M. 

05 

on • 

Rnn(;oot) . , 

4 A.M.IO 7 A.M. 

7 A.M. 

<■4 

"•.t 

IJomb.iy • . 

4 A.M, 10 7 A.M. 

7 AaM. 

0*6 

o*? 


z 
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(7) It is, on the whole, most marked during the period when the weather is finest 
and most serene, as shown by the following: — ' 


Akfa. 

Period when carl> morning oscillation 
Is most marked. 

Penod. 

Punjab and North Western India 

Bihar, Bengal and OrissT . 

Peninsula, North « • « 

Peninsula, South • » • 

Retreating soolh-ttcst monsoon 
and cold neather. . 

Retreating south-west monsoon 
Retreating south-west monsoon 
and cold weather. 

Cold weather .... 

November to January, 

October and December. 
November to Januarj. 

December to February. 


(8) It is slightly exhibited at the coast stations in the rains. 

This period of slight but rapid increase of cloud is due chiefly to the processes of ‘ 
radiation and conduction in the middle and higher atmospheric strata from about 4 a.m, 
to 7 A M. as has been fully explained in page 191. " 

A reference to the seasonal curves in Plate XL will show at once that the increase' 
of cloud at 4 to 5 A.M, is common to the whole of India. It is move pronounced m the* 
damp coast districts and Assam than in the dry interior districts of Northern and Central 
India. It is, on the whole, most pronounced in the dry cold-weather. The most import- " 
ant feature is the suddenness of the change. During the night hours the cloUd amount 
varies very slightly. A critical period favourable for rapid condensation and cloud forma, 
tion sets in about 4 A.M,, and a large increase occurs during the next two hours. 
Numerous examples may be found of this action in the curves given in Plates XLI to 
XLVI. The most striking are perhaps the following: — 


Station. 

Period or season. 

Deesa. 

Hot weather. 

Allahabad. 

Ditto. 

Hazaribagh 

Ditto. 

Bclgaum. 

Ditto, 

ISellary. 

Ditto. 

Trichinopoly. 

> Ditto. 

Poona. 

July and September 


This action commences about 4 A.M. when the air movement is exceedingly feeble. 
No additional action comes into operation at that time. The air up to a considerable 
height cools down slowly during the night by the process of radiation into space and to 
the earth and of conduction consequent on the cooling of the earth and the adjacent stratai 
The reduction of temperature in the lower and middle atmospheric strata is probably a 
slow process, but it may be sufficient to give rise to condensation and cloud formation in 
any damp stratum if such be present. The process of condensation sets free a consider- 
able amount of energy which probably chiefly acts as a slight upward impulse. The con- 
tinuance of this action and the cooling of the cloud masses by radiation tends to increase 
cloud until shortly after sunrise when a new and discontinuous action (the solar radiation) 
is brought into play. An examination of the curves will show that the variation of cloud 
from 4 A.M. to 7 A M, is in strict accordance with this explanation, 

///. Third period of the day from 6 A.u.or J A.M. to IQ A.M. or it A.M. — The variation 
of theamountof cloud during the third period of the day, from 7 a.m. to loA.M.oVii A.M., 
differs more largely with season and locality than during any other period of the day. 

The direct action of the sun upon the atmosphere containing any cloud undoubted 
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tends to dissipate the cloud by absorption of heat and evaporation. The direct heating of 
the surface of the earth by the solar radiation and the consequent heating of the lowest 
stratum of the air by contact tends to give rise to expansion and to convective movements. 
Both of these actions or movements, the first by elevating the middle strata, the second, 
by carrj’ing up air which has, especially ip Assam and Kashmir, absorbed a considerable 
quantity of moisture (in consequence of the absence of air movement during the 
night), tends to give rise to increased cloud. This action is probably small in the open 
Gangetic Plain, but is probably large in closed valleys like Assam and Kashmir. 

In addition to these there are others, such as a change from land to sea breezes 
or the increasing intensity of the sea winds of the rainy season due to the heating of 
the interior. The effect of these changes is, however, as a rule, not perceptible at this 
period of day in the formation of cloud as the changes are in the initial stage. The 
combination of these three actions or processes of which the effect of the first, the 
direct absorption of the solar heat by the clouds, is opposite to those of the second and 
third actions of movement of expansion and of convective movement, may give rise either 
to— 

(1) actual diminution in the amount of cloud as would probably be the case over 

the greater part of the interior of India ; 

(2) suspension of increase of cloud, and hence of almost constant cloud on the 

average from 6 A.M. to il A.M, or noon. 

(3) increase of cloud at a slower rate during the period from 6 or 7 A.M. to 10 A.M, 

or 1 1 A.M. than during the previous period. This is observed chiefly at 

coast stations, more especially Chittagong and Rangoon, and in mountain 

valleys as represented by Leh. 

The heating effect on the atmosphere and hence the dissipation of any cloud present 
is common to the whole of India. The amount of expansion in any given interval during 
the day hours, and hence any effect it may have in producing cloud, is greatest in the 
interior where the diurnal range is greatest. Similarly the effect of convective movements 
will differ very considerably in different parts of India. It will depend largely upon the 
actual amount of cloud in the morning, the rate at which temperature increases and the 
character of the soil, and will hence be greatest in the dry interior and slight in the coast 
districts and Assam, A consideration of the varying intensity of those actions in different 
parts of India hence explains — 

(1) The increase in the cloud amount during this period in Assam and at most of 

the coast stations. 

(2) The uniformity or slight decrease of amount during this period at most sta- 

tions in the interior of Northern India. 

(3) The increase during this period at Leh. 

JV. Fourth period from iQ A.M. or u A M. to 3 P.M. or 4 /’..i/.— The.fourth period of 
the day. from about to A.M. or ft A.M. to about 3 I'.M., is marked by a rapid andconsi- 
derable increase of cloud due to the vigorous convective movement during this intervfil. 
This movement usually commences on the large scale about 10 A.M. and increases in 
volume and intensity until shortly after the maximum temperature of the day is observed 
in the lower atmospheric strata. (For certain considerations in connection with this 
action see Cleveland Abbd’s Dynamics of the Atmosphere, Chapter VI). 


7.3 
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The chief features during this period are — 

(1) More or less rapid increase of cloud, 

(2) The increase during this period in the cold weather is slight to moderate in 

amount in the North-Western Provinces, Chota Nagpur, Bihar and Raj- , 
putana, and is large in the Central Provinces, Deccan and Southern India t 
the hottest area in India during the period. 

3) The increase is considerable to large in amount over the whole of India in the 
hot weather. It is absolutely greatest, on the mean of the period, in Orissa, 
the Central Provinces and Deccan, more especially at the stations on the 
outside limits of the sea breezes {eg., Cuttack, Belgaum and Poona). 

(4) The increase during this period of the day in the rainy season is small in 

amount over the \thole area to which the full influence of the humid mon- 
soon winds extends. It is moderate in amount in the Deccan and Upper 
India, and is absolutely greatest at Bellary. 

(5) In the retreating south-west monsoon the increase is slight in amount in 

Upper India. It is moderate in Bihar, Chota Nagpur and Rajputana, and 
is large in amount in Orissa, Bengal, the interior of the Peninsula and 
Southern India. 

The preceding facts hence show that the increase of cloud is directly related to the-i 
intensity of the thermal conditions, or more strictly speaking, to their intensity in giving 3 
rise to convective movements. The humidity of the air is a subsidiary factor of little 
importance. Of course, this is in accordance with the general fact that no matter how dry 
a mass of air is, its temperature can always be reduced sufficiently' by upward or tonvective 
movement to give rise to condensation and formation of cloud. 

(It may be noted that the increase of cloud theoretically occurs not only with ascen- 
sional or convective mo\ement, but with general upw'ard exp.insion of the air due to 
increasing temperature, but it is very doubtful whether, except under rare conditions, the 
latter is an efficient cause of cloud formation practically). 

The increase due to convective action is marked in all months and at all stations; 
but is, as a rule, greatest in the season when the convective .movement is most vigorous, 
or in the hot weather from March to May or June. The following gives the epochs ol 
the maximum amount of cloud duo to this action in the four seasons of the year at all 
stations with the exception of Aden, Chittagong, Dhubri, Goalpara, Kurrachee and Sib- 
sagar, where convective action is probably feeble ; — 


Table XCVIII. 


Station. 

Co’d neither 
(January and 
PebrunryJ 

Hot weather 
(March to 
Ma>) 

Soutli*nest 
monsoon 
rimy season 
(June to 
Septembtr). 

Retreiting 

SOllth‘W<‘Gt 

monsoon season 
(October 
to December)* 

Mein 
of >ear 

Agri , 

. 

. 

, 



4 r M, 


3 r M. 

3 P-'i 

3P'I. 

3 

Allahabad . 





. 

4 P M. 


5 r.M 

2 r M. 

2 P.M. 

3 PM. 

Belgaum 

. 




• 

3PM 


2 P M. 

5 F 'I. 

3 F-'l 

3 PM 

Bcllary, 





• 

3 r.M 


4 P.M 

2 M 

2 P 

3PM 

Cuttack 




• 

• 

3 r w. ‘ 


4 r.M. 

I-.V. 

4 r.^i 

4 p «• 
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Tahle XCVIII — concld. 


Hot weather 

South-west 

Retreslinc 


tTtOtMtOc'n 

south-west 

Mean 
of year. 

{March lo 

rainy season 

monsoon utason 

•M.'.y). 

^ to 

September). 

(October 
to December). 




r. The fifth peric.! frjTi ./ rjf. to f P.H . — Pae foliowin^ arc the chief features of 
tfse variation of tlic cloud amount during the fifth period of the day, from 4 p.M, to 
j r.M. cr S P.M 

(1} A more or less rapid reduction in the amount of cloud occurs over the 
whole of India in all seasons during titis perio.i of lire day. 

(3) This reduction of cloud during this period is similar in amount to lltc 

increase during the previous five or six hours from to a.m. to 4 P.M. 
13) In the cold wc.uhcr .'^ensan the diminution of cloud during this period of 
the day is large in the IVninsnla (including the Central Provinces) and 
moderate trr slight in Northern .and Central India 

(4) The reduction in the hot wc.athcr is large over the whole of India and is 

grc.aicst in actual amount .at Leh and in the Punjab, Rajputana and 
Decc.an areas. 

(5) In the raio-s the reduction varies somewhat irrcgulaily in amount. U is 

small in North-Eastern India, the Deccan and Central Provinces, 
moderate, in the North-Western Provinces, .and large in the I’unjab, 
Rajputana and the South Deccan. 

(G) Ills slight to moderate in .amount over the whole of Northern India during 
the retreating south-west monsoon .and tnoder.ate to large at the coast 
stations of Rangoon and Chittagong and in the Peninsula (more espe- 
cially .at Bellary, Trichinopoly and Poon.i). 
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The change during this period is opposite to that during the preceding nerinlr-?" 
the day, from lo A.M. to 3 P.M. or 4 p.m., and is directly related to it in amount and'] ' 
the whole proceeds more rapidly than the rise to which it is related. It is eviden'tl d' 
to the gradual diminution and cessation of the convective movements rvhich^oo 
between 3 P.M. or 4 P.M. and 7 P.M.. and the measure of this effect is the intensitv of 

the thermal actions and of the convective movements when they are greatest 

2 P.M. and 3 P.M.) The other actions tending to produce or dissipate cloud durinpfhT ^ 
period are radiation from the clouds, absorption of the solar heat by the clouds anV'’ 

movement. The effect of these is however small as compared with that of the'decreas'pT/ 
convective movement. ' , . 

^ The combination of the rapid increase of cloud accompanying increasing convective'' 
action and decrease accompanying diminishing convective action in the diurnal period'* 
gives a marked day oscillation in the diurnal variation of cloud. The period of'this 
oscillatory variation is from 1 1 A.M. to 10 P.M. * 

The following table gives the period for each season of the year, and for the whole ^ 
year of this oscillation at each of the stations at which satisfactory and trustarthv' • 
observations of this element have been taken':— ^ i*' 

Table XCIX. ' ’ ' 


SlATlOH, 

January and 
Tebruary* 

March to 
Alay* 

June and 
September, 

July and ^ 
August. 

October to 
December, 

» r 1 

Yeab. 

Agia . 


Noon to Midnight 

Noon to 

8 P.U. 

U A.M, to II P.M, 

9 A.M. to H r.M. 

JIA.U. to C P.U. 

9 A M. to 

8 P.U, 

Atlahabid 


I P.M. to to P.U. 

Noon to 

8 P.M. 

JO A.U. to to P.M. 

10 A.M, to 9 p.M, 

II^A.M. to 7 P.M. 

•) A.U. to 

9 P.V 

Oelgaum , 


to A.U. lo 

S P.U. 

It A.U. to 

8 r.M. 

9 A.M, to 8 P.M. 

9 A.U. lo 8 P.m'. 

11 A.M. lo 11 P.M. 

11 A.U to 

8 P.U. 

Dellaiy . 


1 1 A.M. to 

ir P.M. 

11 A.M. to 

Mid- 

I A.M. to 8 P.M, 

9 A.^f. to 10 P.M. 

9 A.M. to 10 P.U. 

j n A.M. to to p.mJ 

Cuttack * 


Nooa to 

If P.M. 

1 r.M. to 

7 P.M, 

7 A.M, to 1 1 r.M, 

8 A.M. to II r.M. 

9 A.M. lo 10 P.U. 

9 A U, to 

9 P.i: 

Oeesa « 


II A.M. to 

8 P.M. 

Noon to 

g r.M, 

I P.M. to 9 p.M.‘ 

I P.M. to 9 P.M, 

11 A.M. to 10 P.W. 

I A.U. lo 

9 P.M. 

9 P.M 

Hazaribagh 


II A.M. to 

0 P.M. 

10 A M. to 

9 P.M. 

10 A.M. to 8 r.M. 

Sa.U. lo 8 P.U. 

9A.M,to 8 P.M. 

lo A.M. to 

Jaipar 


U A.M. to 

8 P.M. 

HAM. to 

9 P.M, 

10 A.M. to 10 P.M 

I P.M, lo 9 P.M. 

11 A.M. to 7 P.M. 

t 

tl .I.M.tO 

9 P.M. 

Jubbulporc 


to A.M. to 

11 P.U. 

Noon lo 

8 P.M. 

1 1 A.M. to 9 P.M. 

3 P«M, to 11 p.M, 

Noon lo 8 p M. 

Noon to 

8 PM 

Lahore • 


mam. *0 

II r.M. 

2 r.M. to 

8 P.M. 

It A.M. to 9 P.M. 

II A.M. to ri P,M. 

It A.M. to 7 I.M. 

II A.V. to U P.!!. 

Leh « 


M A.M. to 

9 P.M. 

8 A.U. to 

10 P.M. 

fi A.M, to S P.M, 

S A,M. to 9 P.M. 

9 A.M. to 9 P.M. 

9 A.M. to 

9 P.M. 

Lucknow • 


Noon to 

JO P.M. 

lo A.M. to 

9 P.M. 

Noon to 8 P.M. 

Noon lo 8 P.M. 

9 A M. to 8 P.M. 

Noon lo 

i 

8 P.M. 

Naffpur • . 


It A.M, to 

8 r.M. 

to A.M. to 

10 P.M. 

lo A.M, to IO;P..M. 

II AM. to 10 P.U. 

loA.M. lo 8 P.U, 

9 A.M. to 

9 a.m. to 

0 P.M. 

Pachmarhi 


10 A.M. to 

8 P.M. 

10 A M. to 

8 P.M. 

lo A.M. to 8 P.Al, 

9 A.M. to 4 P.M. 

9 A.M, to 9 P.M. 

8 p.v 

Patna 


1 1 A.M. to 

11 r.M. 

10 A.M. to 

9^ P.M, 

II A.M. to t| P.M. 

9 A.M. to 8 P.M. 

loA.U. to 9 P.M. 

11 A.M, to 

8 P.U, 

Poona • 


Noon to 

8 r.M. 

0 A.M. to 

10 P.M. 

8 A.M. to 8 P.M. 

Noon to 8 P.M. 

II A.V. to 8 P.M. 

tl A.M, to 

8 P.M, 

Rangoon • 


Noon to 

8 P.M. 

11 A.M. to 

ID P.M. 

8 A.M* to 9 P.U. 

8 A.M, to to r.M. 

lOA.M. lo 8 P.U, 

10 A.M. to 

7 P.M. 

Roorkee . 


Noon to 

II P.M. 

Noon to 

n P.M. 

IS. A.M. to 9 P.M, 

1IA.M. to 8 P.tl. 

I P.M. to 9 P.M. 

8 A.U. lo 

9 P.M. 

Tnchinopoly 


8 A.M. to 

10 P.M. 

Noon to 

11 P.M. 

Noon to n p.v. 

I P.M. to It P.41. 

II A.M. to 8 P.M. 

Noon to 

8 P.M. 

rrivandnim 

MM 

3 P.M. to 
nicht- 

MW- 

3 P.M. to 10 P.M. 

2 P.M. to 9 P.M. 

a P.M. lo 9 P.M, 

I P.M lo 9 P.V. 

I P.M, to 

S P.M. 


cloud with those of temperature, air movement and aqueous 
vapour pressure curves giving the diurnal variation of cloud differ entirely 
from those of temperature and air movement. The latter curves have only one 
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maximum and minimum. They, on the other hand, agree with those of air pressure and 
aqueous vapour pressure in having generally two maxima and minima. They differ 
largely from those of air pressure, more especially in the following features :• — 

(t) The epochs of the maxima and minima values occur at unequal intervals, 
whereas those of air pressure occur at very nearly equal intervals. 

(2) The amplitudes of the two oscillations differ far more largely with season . 
and- locality than the amplitudes of the two oscillations of the air pressure. 

They agree, on the other hand, with the aqueous vapour pressure curves in these tno 
respects. 

As might further be expected the Bessclian resolution of the diurnal variation of 
cloud differs entirely from the corresponding resolution of the air pressure, velocity and 
temperature. The relations of the amplitudes and the epochs differ so widely and 
irregularly as to show there is no direct relation between the corresponding elements of 
the resolution of cloud and those of the three other elements named above. 

The following gives the more noteworthy differences between these constants: — 

(1) The epochs of the maximum and minimum values of the first and second 

components of the temperature formula are remarkably constant through- 
out the year, and at all stations in India the maximum epochs of the first 
component average 2-15 P.M. and of the second component i-o A.M and 
P.M. On the other hand, the corresponding epochs for cloud vary largely 
with season and moderately with locality, ranging, for example, in the case 
of the first component beween6.37 A.M. and 0-51 p.m. at the seven .stations 
selected as representative of the plains stations in India, and the constants 
of which are given in Tables C to CVl, pages 198 to 201. 

(2) The ratios of the amplitudes of the first and second components in the case of 

tempemture and pressure vary very slightly with locality and season. They 
vary very largely from month to month in the cases of cloud and aqueous 
vapour. 

The preceding remarks indicate that the harmonic formula: obtained by Bessel's 
method representing the diurnal variation of aqueous vapour pressure and cloud present 
several points of agreement. The following are the more important 

(1) The amplitude of the first component in each has two maxima and minima 

. values. The maxima values in each occur about the same period of the yean 

in April or May and in October. The absolute minimum is in July or 
August, the height of the rains, in both cases. The secondary minimum of 
each is very variable in its occurrence, but at most stations in the interior of 
Northern India is in December or January. At several stations there are 
three or four maxima and minima in the course of the year. 

(2) The monthly values of the amplitude of the second component vary largely 

throughout the year, but to a less extent than those of the first component. 
They have in most cases two maxima and minima values. The first and 
absolute maximum occurs in the interior of India in April or May and the 
second in October, that is, in the two driest periods of the year. The 
cpachs of the minima are more variable in their occurrence, but in most 
cases arc earliest in July or August and latest in December or January. 
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The following table gives for reference the amplitudes and phases of the first 
components of the Besselian resolution of the diurnal variation of cloud at spvp 
stations in different parts of India: — ’ 

. Tablc ^^—Conslants of the periodical Jorvtula {II) for the dittrnal variation of ^ 

cloud proportion at Deesa. ^ ' , 


Month. 

U.. 

, “>• 

U,. 

u,. 

1 U, 

: 

“n . 

u,. 

“r 

January 

. 

09S0 

fl 

=45 

51 

0 ‘IT 9 

0 

263 

! 

14 

0 177 

0 

64 

' 

36 

0073 

» f 

February 


o'Sso 

27O 

33 

0 114 

194 

46 

>- 0*227 

SI 

49 

0031 


March . 

• 

0577 

2CG 

43 

o'2o6 

3=3 

4 

OOJ9 

328 

0 

0-103 

no 33 

April . 

• 

OM 44 

2S0 

39 

0 IQO 

=79 

25 

0040 

33 

41 

0051 

'=4 37 

May . 


0373 

92 

0 

0638 

300 

I 

0 0C9 

126 

12 

0CS2 

74 =5 

June . 


1*119 

=94 

12 

0451 

229 

30 

0-250 

86 

34 

0175 

H 5 13 

July . . 

4 • 

0242 

35 

55 

o '095 

>85 

25 

0 259 

90 

0 

0134 

234 n 

August 

• * 

o‘S 57 

281 

43 

0 162 

297 

12 

0-244 

35 = 

14 

0 053 

1C5 42 

September , 

• 4 

0733 

283 

56 

0 209 

280 

30 

0285 

117 

22 

o'no 

' 70 

October i 

• * 

0509 

210 

51 

0-384 

3=5 

49 

0329 

lot 

=5 

0054 

217 30 

November , 

4 • 

0540 

=39 

47 

0 220 

330 

39 

0 lol 

113 

jG 

0074 

107 .13 

December . 

• 4 

0'5I2 

2C3 

37 

0090 

io 3 

so 

0047 

9 

5 = 

0 034 

L 

>49 37 

Year 

0504 

267 

57 

0-177 

m 

1 


79 

15 

0044 

131 19 


Table CI.— C’£)«i// 7 «rj of the periodical formula [II) for the diurnal vauaimi of 

cloud proportion at Patna " * 


Month. 

U.. 

Uf 

u. 

Uj 

U, 

«« 

u, 

Ui 


January 


• 


0330 

0 

238 

f 

44 

0 217 

0 

312 

1 

57 

0 115 

0 

2 i 6 

52 

0*120 

0 

n 

t 

S 

ii^cbruarj 




03S5 

272 

49 

0251 

27G 

23 

0009 

no 

33 

0038 

S 3 


March . 


• 


0 287 

= 5 = 

19 

0-380 

290 

58 

0067 

133 

I 

0-075 

So 

a 

April . 




0207 

=58 

35 

0-237 

335 

36 

0 0G9 

1=5 

3 = 

> 

0258 

•t 

77 

13 

May , 




0 272 

=51 

6 

0-437 

2S7 

= 

0 I3I 

167 

39 

0019 

34 

30 

June . 


» 


0 708 

281 

44 

0-325 

2S3 

II 

0*207 

192 

, 

0 126 

131 

9 

July . 

• 

• 


o- 3 p 

276 

52 

0070 

355 

55 

0 i6t 

30 

14 

0 123 

167 

19 

August. 

• 



0=53 

3=5 

18 

O '203 

252 

11 

0 168 

280 

18 

0 IIS 

59 

V 

3S 

September 

• 



0330 

=79 

14 

0 139 

297 

51 

0 018 

77 

28 

? 

0 105 

' 33 

=3 

October 




0-363 

256 

46 

0 190 

6 

40 

0054 

=54 

56 

0-084 

83 

s' 

November 





















271 

58 

0-257 

=94 

10 

0 141 

135 

52 

oocp 

290 

33 

December 




0358 
















276 

25 

0 192 

287 

52 

0 104 

146 

46 

005s 

201 

=^ 


Year 


0 332 

269 

8 

0217 

296 

20 

0-047 

172 

44 

0-054 

81 

=5 
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Table ClI . — Constants of the periodical formula (//) for the diurnal variation of cloud 

proportion at Dhttbri, 



January 

February 

March . 

April . 

May 

June 

July . 

August 

September 

October 

November 

December 


34 30 
75 7 

>65 34 
136 t 4 
47 30 
22 9 

13s 40 

86 30 

87 t 

77 9 

120 49 
52 16 


0-228 73 24 



Mouth. 

u,. 

u,. 

January^ . . . 

0-721 

• 1 

274 32 

February . . . 

0-636 

230 -iS 

March ■ . . • 

o'pSo 

271 3 

April , , . . 

1-349 

254 SO 

May , . . . 

3-1S7 

255 33 

June .... 

. 0-913 

251 9 

July . . . . 

0-658 

244 32 

August . • 

0-841 

256 43 

September . . ' . 

0-983 

271 20 • 

October . • . 

-1-745 

297 29 

November 

1-385 

274 53 

December . . . 

1-470 

243- 45 

Year 

1*112 

262 15 

























DISCUSSION OF THE RESULTS OF THE UOURLYroBSERVATIONS ' 

Table CIV. — Constants of the periodical formtila {11) for the diurnal variation of'eload'-i 

proportion at Nagpur." ; ' . , / - 


Month. 



U,. 

.h 



■■ «) 


-.u,. . 

‘h- 


„ U.. 


J.inuary 


a 

■ 

Q 

257 

/ 

20 

0-296 

o' ' 

3n 

i 

‘43 

. 0-252 

e" 

*32. 

20. 

0029 . 

' 

41 ;9 

February . 


• 


248 

2 

0-311 

336 

.5 

' 0*226 

■ .®' 

'20 

■'0*1 24 “ 

■245 -43 

March 


a 

o‘593 

222 

It 

0-416 • 

323 ' 

.42 

0-310 

130. > 

12 

. 

0-058. 

300 - .7 

April . , 



foyS 

189 

S3 

0-sn 

335 

41 

0-357 ' 

' 92 

;5- 

0-069 ' 

«2 -^3 

May . 



1-177 

206 

36 

1-237 

331 

37 

0-258 

127 


0-159 _ 

*19.; 47 

June . 



0'270 

193 

16 

0-3S2 

0 

27 

0-125 

152 

■25 

. , 0-059. 

332 -.9 

July . . 



0-254 

297 

JO 

0-130 

>7 

2 

0-064 ■ 

'305 

:6 

- :o-o63 

'*01 , 48 

August 



0-498 

233 

.34 

0*123 

54 

24 

' 0-043.’ 

59 

to 

• 

0-044 / 

'7*'_ 34 

September 



0-924 

233 

5 

0-295 

343 ■ 

*2 

0*060 • 

£6 

;3g 

' OlIJ 

?5 , 57 

October , 



i’2C6 

334 

27 

0-5S2 

16 

41 

0*270 

*43 

.51 

- 0*042 

'50' 0 

November . 



0620 

244 

II 

0*211 

. '1* 

10 

0-175 

140 

*9 

0022 

230 32 _ 

December . 



o-Cos 

260 

I 

0-077 

2S9 

h 


• 0-199 

75 ' 

7 

0-068 

'281 48 

Ye\u 

• 

0-646 

B 

43 

0-369 

345 

i 

0-166 

liG 

6 

miQQi 

‘,50 32‘ 


>■ 


Table QV.— Constants of the periodical formula {II) for the diurnal variation of cloud . ir, 

proportion at. Bellary. ' ’ , 


Month. 

Uu 

u,. 

U,. 

' 

**!• . 

u.. ■ 

Uj. 

'U4. 

■ u^. ' ' 




0 

t 

■ ' 

0 ' 

• 

f 


o' t 

, ' 

.0 . , t 

January . • 


0-747 

234 

58 

0-028 

93 

3 

0*110 ' 

’’*48 ■'■3 

,0-036 ■ 

. 67 , • ■* 

February . 


0-506 

207 

50 - 

o ‘273 

'337 . 

5 * 

O' 107 

93 *3 

■' 0-055.' 

22' , 23 

March . - . . 


0804 

239 

3 * 

0-381 

3*8 

56 

-0*207 

>33 15 

o-*52 

• *9'-.'-? 

April . . • 


1-409 

*73 

,'9 

0-693 

33 * 

23 

0-536 

■ioo - 38 

o-*r3 , 

274 ' 3' 

May . 


roi2 

168 

57 

0-466 , 

386 

so. 

0-375 

*34 ,' ’34 

0 - 144 ' ' 

360 ' 0 

June . 


0-943 

229 

41 

0-196 

>7 

.47 

0-267 

161 . 38 

o-ilS 

96 49 

July . . . 


0 - 5 S 5 

256 

4 

0-176 

309 

28 

6-140 

■72 • 28 

'■ 0 026 •• 

'.30 1 35 

August 


*-034 

243 ■ 

‘3 

0*132 

*4 

28 

o-c6o 

'98 - 46 

0*190 

,*09 ‘, 57 

September . 

. 

1*011 

20G 

0 

1 0-480- 

'355 

42 

0-098 

*68 14 

o-n6 • 

,ti6 . 7 

October « • 


1*227 

=39 

23 

0-543 

3 * 

44 

' 0*192 

130 9 

0-093 ' 

/ii 7 23 

N ovember . 


1-47* - 

'257 

55 

o'2i8 

33 * 

26 

0 - 39 S 

97 43 

0030 

■3=9 so 

December . 

• 

1*221 

253 

35 

o't 34 

237 

5 * 

*• 0*096 ■ 

161 , 10 

' 0-1 16 ‘ 

I S3 .57_, 

Ye^k' 

. 

' 0-857 ' 

227 • 

. 8. 

mm 

342 ■ 

51 

0-193 ' 

121 38 

' 0-044 /■ 

• 48 
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Table CVI. — Constaii/s of the peiiodhal formula {II) for the diurnal variation of cloud 

proportion at Aden. 


Month. 

u.. 

u 

1' 

U,. 

t] 

1* 

u,. 

1 

»• 

u,. 

u 

4' 






0 

( 


c* 

> 


4 

. 


0 

» 

Jar4U.4ry 




rS 37 

3I2 

13 

0-836 

IG6 

48 


44 

33 

0-184 

334 

33 

Februnrj- 




2*2J0 

'335 

41 

C 743 

«65 

30 


4 

39 

0 106 

41 

57 

Marcli 




2*290 

535 

iG 

0-669 

'79 

24 

0 198 

78 

55 

0080 

68 

5 = 

April 



. 

X '-139 

3=5 

S8 

0-581 

222 

4 

0-054 

97 

23 

0*104 

94 

24 

,Mny . 


« 


o'Goi 

335 

37 

<>•556 

236 

II 

0-237 

96 

48 

0-058 

1G2 

6 

June . 


• 


073G 

24 

29 

o*i66 

207 

39 

0 2S2 

74 

20 

0-33G 

51 

32 . 

July . 


• 


o';;G 

97 

15 

0 'i 67 

'95 

17 

0*192 

O7 

42 

0*126 

73 

26 

Aupisl 


« 


1*400 

59 

G 

0-425 

229 

52 

0*241 

219 

26 

0 U9 

167 

so 

Scplcmbcr 



« 

0-597 

0 

13 

0-394 

2o8 

39 

0-641 

58 

43 

o-' 5 S 

27 

'3 

0 clober 



• 

0-3:6 

292 

0 

0-368 

219 

9 

0-144 

82 

2 

o'ii9 

X2 

10 

November 



• 

0-659 

° 

4 

0-639 

'<6 

3G 

0-193 

109 

22 

0-133 

228 

59 

December 




rGi.} 


rO 

0-713 

'58 

37 

0030 

45 

0 

o*in 

3 " 

20 

Ys»r 

* 


ro26 

350 

3S 

0-45: 

16S 

39 

0-189 

G6 

0 

0-034 

37 

30 


The following is a summar)' of the frequency of clouds observed at dilTercnt eleva- 
tions during the two periods of the year, vis., November to May and June to October 
1898 — 1900 derived from cloud measurements taken at. Allahabad ipjtdc memoir on the 
"Report on -cloud observations and measurements in the plains of the North-Western 
Provinces of India during the period December 1898 to March 1900," Vol. XI, Indian 
Meteorological Memoirs) ; — 



The preceding data indicate liiat cirrus clouds arc most frequent between 16,000 and 
48,000 feet, and aito-cumulus clouds between 8,000 and 32,000 feet. 


2 A 14. 
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DISCUSSION or THE RESULTS OF THE HOURLY OBSERVATIONS 


CHAPTER VII. 

Winds. ' 

Air movement of the Cold Weather months {January ami 

Febrtcary)- — The lower air movement over nearly the whole of India during this period 
forms an integral and important part of the north-east monsoon circulation over the whole 
Indian monsoon region. It is, it may be noted, in no way related to the Central Asian 
anticyclone from the air movement due to which it is cut off by the great barrier of the ' 
Himalayas. It is, however, probable that the steady and moderately strong drift from the 
north in Burma (where the river valleys and mountain ranges run north and south) may 
be to some slight extent a continuation of air movement in the eastern quadrant of that 
anticyclone. The general conditions in Upper Burma strongly resemble those of Assam 
and suggest that it is almost as largely cut off from northerly influence as the latter area, . 

Over the Indian seas moderate north-east winds prevail steadily throughout the whole 
period, averaging 2 in force in the north of the Bay of Bengal and Arabian Sea and 
increasing to force 3 to 4 in the south of these seas and the equatorial belt. In India the ' 
air movement is from the interior to the coasts, the direction in different parts being 
determined to some extent by the lie of the river valleys. The lower air movement m 
Northern India is hence of continental origin, commencing as a feeble drift in Upper India 
and increasing in intensity in its passage over Northern and Central India, and thence 
advancing across the Bengal and Orissa coasts on the one hand and the coasts of Sind 
and Kathiawar into the neighbouring seas on the other hand. The air movement across 
the Bengal and Burma coasts is continued as a general drift across the Bay of Bengal 
and the Peninsula, and thence passes out into the Arabian Sea affecting very slightly 
the west coast districts which are sheltered by the West Ghats. It thence in the 
Arabian Sea forms part of the general air movement towards the equatorial belt. 

As already stated, this general lower air movement in India has its origin in Uppey 
India. It is almost certain there is a drift of varying intensity from the Afghan and 
Baluchistan plateaus down the passes which contributes towards the initiation of the cur- 
rent in Upper India. Information that I have received from officers ser\ing in that 
frontier district shbws that there are very frequently strong winds approaching in force 
to a gale blowing down the passes, whilst upwinds are rarely observed and are almost 
invariably feeble. This irregular drift down the river valleys and passes of the Sulemdn 
mountains, cannot, however, be regarded as an integral part of a genei'ai lower air movement ■- 
over Northern India. The latter may be fed to a slight extent by a flow of air across the 
passes and down the valleys of the great frontier ranges to the north and west of India 
from the area of the Central Asian anticyclone at this season of the year. But the ^ 
mountain system of Northern India cuts India off (entirely from any large horizontal 
current from the north in the lower and middle strata of the atmosphere. Hence the 
lower air movement in India at this season of the year is chiefly determined : — 

(j) By the pressure conditions and gradients in the Indian land area and adjacent 
seas. 

By the amount of irregular drift from the north and north-west and probably 
chiefly down the river valleys and passes in the Suleradn Mountains. 

The latter is usually small in amount, but under certain conditions may be so larg^ 
as to modify the temperature and humidity conditions of Northern India to a marked extent. 
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The foilowing table gives data of the mean air movement of this period in different 
parts of India;— 


Table CVII. 


Area. 

Average mea 

Januaty. 

S DAlLV AtR MOVBM 

February, 

ENT IN MILES 

Mean cf period 
January and 
February. 

Average mean 
steadiness of 
wind daring 
period 
January and 
February. 

North Punjab 

55 

70 

63 

17 

South Punjab 

63 

83 

73 

22 

North-Western Provinces, West 

66 

80 

73 

43 

Ditto ditto, East 

76 

99 

88 

32 

Bihar ••••••• 

50 

72 

61 

44 

Bengal and Orissa, Inland . • 

45 

59 

52 

36 

Ditto ditto. Coast. . . . 

129 

163 

146 

26 

Arakan 

67 

85 

76 

4 fi 

Burma Coast ,.•••• 

85 

95 

9 ' 

51 

Bay Islands ...... 

195 

tS6 

17S 

81 

Rajputana 

76 

9 > 

84 

16 

Central India ...... 

88 

103 

96 

26 

Central Provinces 

61 

75 

68 

21 

Deccan 

94 

10$ 

too 

25 

Madras Coast East 

148 

144 

146 

65 

West Coast (Bombay) .... 

M 3 

ISO 

147 

42 


The chief inferences from the preceding are : — 


(1) The air movement is feeble in Northern India, averaging about 3 miles per 

hour in the Punjab and increasing slightly in intensity eastwards down the 
Gangelic Plain. 

(2) The air movement also increases southwards from the Punjab across Rajpu- 

tana to Central India and the North Bombay Coast, where it averages 6 
miles per hour. 

(3) The air movement is moderate in amount in the east of the Peninsula and 

increases westwards across the Peninsula to the Sahaydri range. 

(4) The air movement is moderate in amount in the west coast districts, 

(5) The air movement is greater in February than in January over the whole land 

area except Southern India (represented by Madras and Trichinopoly). 
The decrease in this area is evidently a result of the increasing temperature 
which tends to give rise to local winds between the sea and land and also 
to a diminution in the general strength of the air movement in the Bay of 
Bengal, and of its continuation in the Peninsula. 

The direction of the air movement in different parts of India and the Indian seas 
during this period is fully shown in Fig. 1, Plate XLVI II, which gives the mean wind 
directions and steadiness in January at 79 stations. The wind directions in these charts are 
indicated in the usual manner, and the precentage steadiness by the length of the arrows. 
An examination of this chart shows that the air movement over the whole of India 
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with the exception of the west coast districts) is a general drift from the interior of India 

and across the neighbouring seas towards the equatorial belt. , 

The only considerable area in which the air movement is not part and parcel of this 
general drift is the west coast districts of the Konkan and hlalabar which are cut off by 
the West Ghats from the general drift from north-east to south-west across the Peninsula, 
In that area the winds are really land and sea breezes of moderate intensity, as is shown 
by the following means based on hourly observations recorded at Bombay and Trivandrum 
for many years in January : — 


Hour 

• UOMBAy. 

Tkivandruu. 

Mein hourly 
wind velocity in 
miles. 

Mean hoiuly 
wind direction. 

; Mean hourly 

1 Wind vrioedy 

1 miles. 

Mean hourly 
Wind dtrecljon. 

\ 

Midnight 
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S 8 
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9 ‘i 
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N 25’ E 
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N 14“ W 
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iS-8 

N 43' N 
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N 28” W 

3 'i 
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14-8 

N 26° VV 
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N 20” VV 

36 
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9-6 
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8-3 

N f\\’ ’ 
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The chart (Fig. i, Plate XLVIll) also indicates that the air movement is very unsteady 
in Upper India and that it increases in steadiness eastwards and southwards. It is most 
steady in Southern India and the southern half of the Bay of Bengal and probably in the 
centre and south of the Arabian Sea. 


It may also be noted that the wind directions of certain hill stations are given by 
arrows in broken lines in the same chart. 
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1 tic dcpili of the lower oir current sliown l>y ihc wind tlircciionr. in Fig. n 

1 .raeXlA iii, i'-rr. rrot neon rieicrfuincd by direct mc.rjureincnt. This lower nir current 

is al.MUJs; ecn;!in!y not tnorc than 3,coo or 4,000 feet in cieptli over the plains of Northern 

and Central India, i lui chief reasons for this sl.rtcincnt arc as follows i— 

(t) 1 he mein uiiul directions of Mouitt Abu, P.achmarhi nnd Chih.aida arc quite 

uifTcrent from tliosc at the neiglibouring jsl.nius stations cither to the north 

or Seiitn, ns is at once seen by a reference to the chart, Fig. i, Plate XLVIII. 

iite clcv.ations of thcic stations are all about .gooo feet, vi :.; — 

0,!». ‘A-u 't.OV' feet. 

’ •'•'h' stM ^ 

.V ii .... i.-.jr • 

3'vt5 II 


(2) I tie v.ini:s .src rcni.arhrddy unste.'oly .md v.ariable at thc'c .stations, more espe 
ci.'.iiy wlun contr-irted with the ne.arcM pl.iins sl.nions, r.g, — 
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eCjf.'.'s') <c«'t, 

ti is err! -in (ns n in rro rn'';!U':r on tb*- Winys of Siin'.r, Itn!!.! Meitoroh'ppcal 
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Si.'- led d.oM.w. n!-. In th-- u'-fhK time tfr tin- hw.T.r vtMta aiid the oppo-.lte it; the 
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irodf -h';;;,;; .'.1 iroiii the f'-\d of the fl.sy iniii.'.'ili.itsdy ah >*. f tin: furfetU ffniii 

j’ C Iror'.h.'t r.”! in nctIC'.i. 
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It is probable that there is. a similar drift from the Arabian , Sea at .the’ elevation of 
4,000 or 5,000 feet and upwards across the Sind and' Kathiawar’coasts,, but I have not been' 
able to obtain any direct evidence of its existence. ' The' diurnal variation of cloud diiriiw ' 
this period at Mount Abu is, however,' si ightly in favour of this supposition. ■ ;,V,. J - i 
The lower air movement over Northern and 'Centrah india indicates that there is a' 
steady outflow from these areas towards the .adjacent , seas. It isf evident, ' as, thV- air 
pressure remains fairly constant during the period,, that the lower outflow must be compVn. ■ 
sated by an influx in the middle atmospheric strata. • . ' , ' , , : ’ ' ‘ i 

The preceding remarks have indicated the.probable existence of the followjug air move* - 
ments in the middle atmospheric strata over India ' •• r ■' 

(1) Influx from the north of the Bay of Bengal across Bengal. , i. 

(2) Influx from the north of the Arabian Sea across the Sind and Ka^h'iawdr coasis 

(3) Influx from the plateau areas to the west, of the Indus Valley frontier. :': ^' . ' 

,, (4) A balance of influx from the alternating movements of the west coast districts 

and of the Himalayan Mountain-ranges. .<• ' ' , v'i,,.'- 

It is almost, certain that the moyeinents of inflow . numbered-' (i), (2) and . (3) '! 
are of much greater volume and intensity, and hence of greater importance/ thahibas ,. 
hitherto been assumed by Indian meteorologists. ■ ' 

It may here be noted that at'Maymyo/the only hill station in Burma fdrwhicb data;.; 
are available, the mean wind direction is S. 55°' 'W. in January and February, whilst in the 
plains at Mandalay at a, distance .of less than 25 miles in a direct line, the mean winds are '• 
from N. 2 i®E. Hence it is probable that the drift from the north in the river valleys of Biirtha/. 
is comparatively shallow, and that there is an inflow from south at a moderate elevation.' ^ ! 

The only large arid important abnormal features of the air movement super-impoVdf' 
at intervals during the period upori the’ normal movement are associated with the ’move- , 
ment of cold ^yeathe^ storms or cyclonic disturbances. ’ ■ ' ' .V 

These are extensive shallow depressions which, in the majority of cases, Jorm in. the / 
plateau of Iran,- and advance In directions ranging', between' east' :and east-south-east- 
across Baluchistan and Northern India. The 'whole of the evidence, including'that of. 
direct measurement of the height of the clouds, "indicates that these' storms are of very Vi 
' considerable elevation, the field' of condensation and rain formation being at an elevation./ 
of .15,060 feet tp 25,000 feet.‘ The air movement is hence usually feeble to .moderate '.at') 
• the level of the plains, but is very vigorous on the middle and higher elevations of the/ 
■Himalayas. The advance of the storms across Northern India gives rise to the normal 
■ cyclonic shift" of winds with the corresponding changes of' temperature, humidity aiid 
cloud;' The 'most noteworthy feature in connection with these" storms is the strong ' 
'■ westerly, winds which prevail for some days in their rear.' These.winds are .remarkable, for.' 
their low, temperature as well as great dryness. They are hence not due to a downflow 

■ ’in the retreating semi-circle or quadrant of the cyclonic storms. ■ ... 

, ' The only satisfactory explanation of the characteristic features of these winds is that 
they ■’ oi'b to a vigorous inflow, from' the plateau areas to the north-west of India- , 
’--Their. temperature is directly related- to the extent of the snow-clad surface and the ele* - 
vation ’ of the -snow-line. The advance of these winds with their accompanying tempera- 
. ture'and humidity conditions has been traced on several occasions from Southern Russia'./ 
across Persia, Baluchistan and Northern India at a fairly uniform rate, approximately thb.;; 
same 'as. that/Of the storms marching in front of them. The, intensity of these features 
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differs very considerably in different storms. When they are most pronounced they 
affect the hill stations in Central India and the North Deccan and the coast stations of 
the Konkan almost as strikingly as the stations in the plains of Northern India. It is 
hence very probable that this outflow from Baluchistan across Northern India and the 
North-East Arabian Sea is of considerably greater depth than the ordinary drift in fine 
weather. There is not sufficient evidence to enable an estimate to be formed, but it 
probably reaches up to an elevation of at least 6,000 feet. 

(ij Diurnal variation of the velocity of the lower air movement.— Over the whole 
of the plains of India, there is a well-marked diurnal variation in the air movement during 
the cold weather period. The air movement is usually feeblest during the night hours 
(about midnight) and increases rapidly from about 8 a.m. to 2 p.M., when the velocity is 
from two to four times as great on the average as it is during the night hours. It 
falls off rather rapidly from 3 P.M. or 4 p.M. to 8 P.M., and is feeble during the night hours, 
when calms and light unsteady airs, as a rule, obtain. 

The following gives the maximum and minimum velocity and their epochs at re- • 
presentative stations for which data arc available ; — 




St.vtiox. 




Mr-^N HOURLY AtR 
MOVKUrST IK MILIS DURING 

tiir srjtsoN, October 

TO l-rPRUARY. 

Erocn. 








Maii'mum. 

Minimum. 

MAEtmum. 

t-iEorc 


• « 


« 


o-G 

27 

3 .ami 4 A M. . 

4 r.M. 

Acra 


< « 


• 

. 

2'0 

5 -S 

II r.M. . . 

2 r.M, 

Lucknow . 


• • 




2*1 

S' 2 

7 .and 8 A.M..and r.M. 

2 r.M. 

Allakabsd 


• • 


♦ 


TS 

9 'j 

6, 10 .and 11 r.M. . 

3 r.M. 

JsijUur . 


• * 


• 


37 

C'2 

E A.M. . 

1 r.M. 

Patna . 


« « 


• 

• 

*•5 

2'6 

10 r.M. to 3 a.m. 

3 r.M. 

HarariEagh 


• • 



4 

3-3 

8-9 

u r.M. and tnidnighl 

3 r.M. 

Jubbulpore 


• * 



* 

09 

3'4 

2 and 3AM.. 

2 nnd 3 r.M . 

Nagpur . 


* • 



« 

2*3 

S'l 

10 .and n r.M. 

2 r.M. 

Botbrj- . 


• • 



• 


5-8 

Midnight to 3 a.m. . 

2 r.M. 

TrkWnopoty 


• « 





. S'S 

3 .and 4 a.m, . 

2 and 3 r.M. 

Pachm-lrW 


• « 



■ 

m 

S -4 

2 A.M. • 

3 P.M, 

The epochs of the 
the following stations ; — 

maximum and minimum arc a 

pparently abnormal and unique at 
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7 r.M. 
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0 

• ■ 

0 

• 

• 

2*1 

WBm 

I to 3 A.M. 

12 A.M. 10 2 r.M. 

Rangoon , 

0 

• • 

0 

• 

• 

2'6 

mm 

9 .and to r.M. 

to nnd It A.M. 

D« 3 .a . 

0 

• • 

0 

0 

• 

SIS 

Bl 

1 nnil 2 r.vt. . , 

Midnight. 
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The data of Pachmarhi show that the variation of th6 air, movethent is similar in 
character to that of the level of the plains. ,On the other hand, the Simla wind obser-' 
vations (recorded by a Beckley’s anemograph) indicate that. the. air', movement over 
the Western Himalayas has a double oscillation during the course of the 24, hours. ‘ 

The following table gives mean hourly data' of the wind velocity. for, the monili’cf- 
February at stations in the Gangetic Plain at which hourly readings .of the anemometer' 
have been recorded during recent years . 


Table CVIII. — Mean hourly velocity of the wind in February at seven typical siotms‘in ' ' 

Northern India, , ’ ' ■ ’ ■ - . 




















The following is a summary of the more important inferences from the preceding 


(1) The air movement is characterized by great, unsteadiness during the night 

hours at these stations and more especially at Lahore, Roorkee and Allahabad, 

(2) In the Gangetic Plain winds increase in steadiness eastwards and are 

steadiest between i P.M. and 4 P,M. at the western stations and between 
I P.M, and 6 P M. at the eastern stations. 


2 B 2 

































210 


DISCUSSION- OF THE RESULTS OF THE HOURLY OBSERVATIONS 


(3) At Lahore, Jaipur, Lucknow and Allahabad the mean winds are on the whole 

slightly more westerly and less northerly during the day hours and slightly 
more northerly and less westerly during the night hours than the mean. 

(4) At Patna and to a less extent Ha/aribagh winds are nearly due west. There 

is a slight northerly component during the day hours and a leeble 
southerly component in the early morning hours. 

{2) Diurnal ’variation of the direction of the loivcr air movement,— 'Ihere is slight 
to moderate shift of wind during the day at all these stations in the interior of India. The 
following gives a summary of its chief features in different parts of India. 

The diurnal variation of the direcyon of the air movement is given by curves plotted, 
from the data in the original memoirs. These curves for the cold weather season are 
generally elongated curves— the longer axis of which is usually nearly parallel to the 
mean direction of the winds. The following table furnishes data giving the direction of 
the axes of these curves and the actual hours corresponding to the extremities of the 
axes during the cold weather season, October to February, for twelve stations in different 
parts of India : — 



Station 




OirecUon of the 

Actual hours coRREsroNniNO 

TO Tim EXTREMITY OF Tim 

AXIS IN 







axi5 

Morning. 

Cvcnirtir 

Lahore , 




« 

• 

ESEtoWNW 

4 A M. 

2 P.M, 

Roorhee 

« 




t 

ESEtoWNW 

9 .. 

4 11 

Luohnow 





• 

SSE to NNW 

Midnight 

Noon. 

Allahabad 

« 



« 


SSE to NNW 

8 F.M. 

3 F.M 

Jaipur . 

• 





EKE to WSW 

8 A.M, 

2 1. 

Patna . 

• 



• 


SSE to NNW 

7 » 

4- )t 

Hazaribagh 

• 





StoN 

7 .. 

5 1* 

Jubbulpore 






SSE to NNW 

5 »• 

S 

Nagpur . 

• 





NW to SE 

s ,, 

Noon. 

Btllary . 





• 

W to E 

6 „ 

11 A.M. 

Tnchinopoly 

■ 



• 

• 

WNVV to ESE 

8 

6 P.M. 

Pachmarhi 






SSE to NNW 

8 „ 

4 >. 


The chief effect of the diurnal variation at stations in the Gangetic Plain is to streng- 
then the air movement during the day hours, but to give little change of direction. The 
northerly and westerly components are hence much strengthened during the day hours, 
whilst at night these components tend to become unsteady and are, more especially at the 
more westerly stations. including Lahore and Roorkee, replaced by feeble airs from easterly 
directions and occasionally from southerly directions. The general tendency to increased 
steadiness and strength of movement from the normal direction during the day hours is 
shown as clearly at the easterly as at the westerly stations. The curves giving the 
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diurnal rotation or, variation for stations in the Gangetic Plain hence form irregular elong- 
ated figures, the axes of which are approximately parallel to the mean direction, and the 
left hand or westerly halves of the curves correspond to the day hours and' the easterly 
halves to the night hours. 

There are two areas in which the local conditions -cause a complete reversal of the ’ 
wind direction from day to night, and in which it is hence different in character to the 
preceding. The first includes the stations of Jubbulpore, Pachmarhi and Nagpur. At 
jubbulpore and Pachmarhi the air movement is from northerly directions during the day 
and from southerly directions during part of the night, whereas at Nagpur the opposite is 
the case. The axes of the representative curves are hence not parallel to the mean wind 
direction but are at right angles to the ranges of the Vindhyas and Satpuras which form 
a broad mountain belt across the head of the Peninsula. 

The following gives mean hourly data for these three stations in January:— 


Hour, 

Jubbulpoie. 

Pachmarhi. 

Nagpur. 

Midnight. 

S 43 '’E 


N 33® E 


S 77 '“E 

S85°W 

N 36® E 

a 

S 48 '’E 

S 69° W 

N 29° E 

3 

S64°E 

$ 74 ° W 

N 22® E 

4 

S7o“E 

S 45 “W 

N 8°E 

S 

S83°E 

$ 37 “ W 

N 12° E 

6 

S 73 °E 

S 37 °W 

N 8°E 

7 

S 43 '’E 

S 47° W 

N 10° E 

8 

S 33 °E 

S 22° W 

N 11° E 

9 

S3t°E 

' Si4°W 

N32°E 

lo 

S29°E 

N32° W 

N 57® E 

XI 

sesnv 

S56°W 

878° E 

Noon 

N 2 °\\r 

N 84 ° W 

S63°E 

*3 

N 3X" W 

N78° W 

S 18° E 

14 

N 42° 'W 

N 47 '’W 

S 33 ”E 

IS 

N 21° W 

N 44 °W 

S 3 S’W 

i6 

N 20° \V 

N29®W 

S 13° W 

*7 

N 4 °E 

N25®W 

S36® E 

i8 

N 42 ° E 

N2S®W 

S n° E 

19 

N 68° E 

N 54° w 

Sse'E 

20 

N 6i°E 

N67°'W 

SS 4 °E 

2t ' 

N 8o°E 

S3t°W 

N 87® E 

22 

N 39 °E 

S70' W 

N 37° E 

«3 ' 

N 29° E 

S8i°W 

N 10° E 
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Again, at most of the coast Station's, including Chittagong, Bombay, Trivandrum and' 
Kurrachee, there is a complete shift of wind from easterly to,-westerly direcdons.'and' 
vice vend, during the day due to the alternating influence of the land and' sea breezes. 
The following gives mean hourly wind directions of these stations for january : — 


AVKRAGE MEAN UOURLV DIRECTION OK WIND IN JANUARY*! 


Cliltla£one, I . Bombay. 
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- .N 3° E • 

N 9'’ E 
■ Nlo'E,’ 


N 25° E 

. ' N- , ■ 

- _Nn“E‘ 

N34°E , 

N 3°E • 
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N 25° E 
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S-io°E, 

N 45° W 

S 42° W. 

s 32° vy • 

N 46° W • 

S 45° ■VV ■ ' 

'S'64°.W‘." , 

■N 43° \V 

S 48“ W 

'• 'sefW'. 

N 37° VY 

S 43° W 

S68’,W 

'N 33“ W 

S 49° w 

S 70°' VV 

N 28° \V 

S 49° \V 

, S 83° W 

N 26° W 

■ .S 56° W ' 

' N 6S’ VV , 

-N 20“ W 

S 66° W . 

' ■ N 68“ W 

Ni 3 °w’ 

S 75° W ' 

N 45° VV 

N 7°W 

; Ngi° \v‘ 

N 37° VV. ; 


The diurnal variation in Assam conforms to the general rule that in ■ the .day hours 
winds from the normal direction (north-east) are considerably strengthened,- whilst at 
night they are much less steady and are occasionally replaced by westerly winds (witl 
some southing). i - > . ' ' 

The diurnal rotation at stations in the open^De'ccan, including Poona, Belgaum ant 
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Beliary, conforms to the same rule. The mean winds are from east-north-east. In the 
da)’ time winds are strengthened from the east and north, whereas at night they are weaker 
and much less steady and occasionally give way to light airs from west and south. 

The following gives mean wind directions for each hour of the mean day in January 
and February at these Deccan stations : — 




AVERAGE MEAN DIRECTION OF WIND IN JANUARY AND FEBRUARY AT 

Hour. 


PooXX. 

Bblo^uu. 

Bellary. 



January. 

February. 

January. 

February, 

January. 

February. 

Midnight . 


N 36® W 

N 69® W 

N 37 °E 

S 77' tv 

SG6°E 

S 37 °E 

1 


N 53' W 

N 74° W 

N is“ E 

S Bp'W 

SGG'E 

S4i*E 

2 


NaS" W 

N 76® W 

N 34 ® E 

N 80 W 

S8o®E 

S 43 ”E 

3 


N St' W 

N 76® W 

N 45° E 

N 71® W 

SBS'E 

S 38 ® E 

4 ' 


N 37” W 

N jf \V 

N 51® E 

N G3” \V 

Ss 7 °E 

Ss6°E 

S • 


N so tv 

N78nv 

N so* e; 

N 44' tv 

S 63® E 

S 47 °E 

6 


N 43° W 

N 81° W 

N 57 ' E 

N i°E 

SB3®E 

S3S®K 

7 


N 41* W 

N 87“ W 

N 56' E 

N26®E 

SSs'E 

Sso'E 

S 

■ 

N ( 50 ° W 

N 8g® W 

N 69' E 

N 73 *E 

S64»E 

Sao' E 

9 


N lO” W 

N 73’ W 

N 88® E 

NBo'E 

SG2® E 

S 4 o®E 

*0 . 


NCo’E 

N KTE 

N 83® E 

S 83° E 

S G2°E 

Ss 7 ’E 

tl « 


S 72® E 

S 55 E 

S Bp' E 

S 77 ’E 

S 73 'E 

SGs’E 

Noon . 


S 83” E 

S 9®E 

N 83' E 

S 73 ° E 

S76®E 

SGs'E 

13 


S 87'’E 

S 74’ w 

N 88' E 

S 43 ®E 

SGa® E 

SGs'E 

H 


S 43’ E 

S 6;“ W 

S 76’ E 

S n®E 

S 74 °E 

S 78® E 

15 


S 7 '‘E 

N 87’ W 

NSs’E 

S 7° tv 

S76'E 

SS 4 ’E 

t6 


W 

S 87® W 

N 75’ E 

S 27® tt' 

N 85° E 

S67' E 

i; 


E 

S 80® w 

N 80' E 

S 34' tv 

NS6® E 

S 74 'E 

l8 


N 43 ’ W 

N ss" W 

S 63' E 

S Gp’W 

N 81' E 

S87'E 

ig 


N 4 S’W 

N 49 ° W 

s se’E 

S GS® W 

Slf-E 

SGo'E 

20 


NOS’W 

N 64® W 

S 62° VV 

S 70® tv 

S66°E 

S76®E 

21 


Nss’W 

N 65” W 

S 74 * W 

SGp'tV 

S 74 °E 

870® E 

22 


N 64® W 

N Gs® W 

N 34° W 

S 69' tv 

S 74 °E 

Ssg^E 

?3 


N 54 ° W 

N Ga® VV 

N »9' \V 

S 75 ® tv 

S 73 'E 

SGa'E 


Kot weather air movement in India.— 'The air movement in India 
during this period is much more complicated than that of the preceding period. In the 
jndian seas away from the land light to moderate north-east or variable winds prevail 
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DISCUSSION OF THE RESULTS OF TIIE IIOUHLV OBSERVATIONS ; 

during the period, but increase in intensity and steadiness,, as is roughly shet\-n: by tiie';-! 
following mean data for the-'central areas of the Bay of Bengal and Arabian Sea:~ - 


This increase in intensity with the advance of the season is probably' inainly due to ,' . 
the increasing temperature in India, .Arabia' arid Africa, iribre’especially when compared;; . 
with the neighbouring seas. This action undoubtedly gives rise to very strong winds in',' 
the neighbourhood of the Indian coasts, and it is probable that the general increase bf‘; - 
temperature over the whole monsoon area gives rise to a more or less general increase of; ' 
the air movement over the whole sea and land areas. ' - 

The air movement in India during the hot rvcather tends to become rnore and' more , ; 
local in character and more dependent upon the , thermal conditions in India and upon ;; 
actions set up by these conditions. It is not an integral part of a general air mbvement'in'*; 
Southern or Central Asia, nor is it any longer the origin and earlier part of the hbrizonUl',;. 
movement of the north-east monsoon which continues in the open over.the central part of 
the Indian seas. The actions determining these modifications dr changes of, tbe'air ' 
movements depend mainly on the thermal conditions in India arid their relations to those ■ 
of the neighbouring sea areas. ' . . ■ , - ■ ' ‘ 

The hottest area in March is defined by the isotherm of 85°, and includes the Central, 
and South Deccan and Mysore. In April, it is defined by the isotherm of 90® and include^ 
the Deccan and the Central Provinces south of the Satpura and Sahyadri ranges,' ‘ In 
May the mean temperature exceeds 90° over nearly the whole of the interior.; It is over , 
95° in a portion of, Rajputana and Central India, which hence define the hottest area. ' 
The chief feature of the temperature conditions, of May is the almost uniforim’ high, . 
perature over nearly the whole of the interior of Northern and Central. India, (excluding 
Bengal and the submontane districts),- ' , ' 

The following gives approximately the mean temperature conditions in the hottest 
areas in each month and the corresponding data for the adjacent sea areas.- — , , 

■ March., 


Hottest area. 

1 ’ 

Tempbraturs reduced to ' ' 

SEA‘LBVEL, 

Mean 

maximum. 

'-.Mean 
minimum* ' 

' Mean 
temperature. 

Land area (Central Provinces South, Deccan and Mysore) 

Arabian Sea area (between Long.' 70 ® E .and Bombay 
Coast . ; 

.'Diflcrencc . .. 

0 

, lorp . 

‘ 83-5 r 

. + 18 * 4 . 

o~ ' 

7h : 

8o-i ■ 

' -7-8' 

'0 

'• '86'0,' 

8r8 

■ -f-4'2 ’ 


Month. 

Mean oaiuV roRc« o?‘\vi'nd. ; ^ 

. (Beau/ort notation.) ^ ' 

Bay of Bengal.'., 

, (Area beftt’een 
Lat.4®N.aodx6® N. 
.and Long, fi^^and 

- Arabian Sea. ^ 

' (Afcabetneen 
Lat.'4“N.and 16' N. 
.mcl Long. jS' and 
ro^E.i; 

March . . : ■ 


' 2d - 

April . . 

' *'7, , 

‘ • 

May . . . ; . .. . 

T5 ' ■' 

' 3‘0 
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April, 


. Hottest area. 

Temperaturh reduced to 

SBA*LEVEl, 

Mean 

tnaximuait 

Mean 

minlntum, 

Mean 

temperature. 

Land area (Central Provinces South and Deccan) . • 

Sea area (between Long. 70" E and Bombay Coast) 
Difference ........ 

D 

107-3 

84-8 

+ 22-5 

78-4 

Sr? 

— d’s 

0 

Q 2‘2 

S 3 -J 

+ 9-1 


May. 


Hottest area. 

Temperature reduced to 
SEA-LEVE t. • 

Mean 

maximum. 

/Mean 

minimum. 

Mean 

temperature. 


0 

e 

0 

Land area (Rajputana and Central India) . . . 

Jo8-o 

82-8 

9 iV 

Sea area (between Lat. 20° N and 25° N and Long. 60' E 
and 70° E). 

837 

80-5 

82-1 

Difference ........ 

+24-3 

+z ‘3 

•f I2'S 


The preceding data indicate that during the day hours in the months of March, 
April and May, the atmosphere over the interior of India is heated from 15° to 25° above 
the neighbouring seas, and occasionally as much as 30° or 35°. 

Daring the night hours the temperature in March falls considerably, and in April 
slightly below that of. the neighbouring seas. In the month of May the interior heated 
land area is, both by day and night, on the average at a higher temperature than the 
neighbouring seas. 

In the plains of Northern India there is a special action due to the fact that the 
eastern districts (Bihar and Bengal) are ten to fifteen degrees further east than the west- 
ern districts, in consequence of which the heatjng action due to solar radiation is nearly 
an hour in advance in those areas than over the Punjab and western districts of the North- 
Western Provinces. This gives rise during the morning hours from 7 A.M. to ii A.M, 
when temperature, is increasing rapidly, to considerable or large thermal gradients, and 
hence to a rapid strengthening of the westerly winds down the Gangetic Plain. During 
the earlier part of the day considerable temperature gradients obtain from east to west 
and in the afternoon and evening slight thermal gradients usually obtain in the same 
direction, but are occasionally reversed in directions, conditions which are not disclosed 
when only mean temperature data are considered. For further information see paper on 
“The hot winds in Northern India,” * Indian Meteorological Memoirs, Vol, VI, Part III. 

In the Indo-Gangetic Plain, west of Bihar, there is little change in the direction of 
the mean air movement during this period. North-west to west winds obtain very 
steadily throughout the whole period. In Rajputana, Central India and the .northern 

2 c 
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districts of the Central Provinces winds shjft to some extent and become more w^kerly ' 
throughout the season, so that in April and May there. is a strong .drift from a wek- ' 
erly direction across the whole of Central and Northern India west .of- Long. 84° (b , 
86° E. ■ ' 

This movement is usually feeble during the night hours. It increases rapidly from ' 
about 8 A.M. to noon and is very vigorous from about ii A.M. to ,4 -P.M. or 5 p.m;, ;t]ie;' 
intensity directly depending upon the temperature conditions and gradients. - < 

There is also during this period a strong and increasing indraught' to the heated 
interior across the sea coasts of Cutch and Kathiawar. The mean winds, in these arMs';, 
in April and May are .almost due west. This movement forms ah integral'and important 
part of the general air movement across Northern and Central India from., west- to east 
during this period. The strength of this local indraught is indicated by the following: 
data : — ' . ' 



The air movement is very complicated jn North Eastern India^ , There is a. large 
and increasing influx of air across the Bengal Coast from the head of the Bay, similar in 
origin and character to the movement across Cutch and Kathiawar. There is also a 
strong and increasing flow down the Assam 'Valley and across North Bengal.' The 
easterly air movement down the Gangetic Plain is directly continued across South Bihar 
and Chota Nagpur, This system of wind tends to give a j'rftrff-permanent- irregular 
cyclonic circulation about an area usually comprising Central and South Bihar and the 
adjacent districts of Chota Nagpur. The interaction of these winds or currents of very 
different hygrometric conditions gives rise to frequent thunderstorms and hailstorms and 
occasionally to tornadoes, their frequency and the amount of the accompanying pmcipitai 
tion increasing as a whole from March to April or May, These storrns chiefly occur in 
the areas towards which the local sea winds are determined, tirV,, Assam, 

North Bengal, , ' ' ' ‘ , , . • , ' 

The air movement in the Peninsula is also somewhat complicated. • The coast dis* 
tricts in the southern half are flat and open, and the ground rises gradually to the' plateau 
in the interior, On the other hand, the narrow west coast districts are shut off to some 

extent by the high wall of the West Ghats. 

In March and April there is a marked tendency to a stationary and irregular cyclonic 
circulation over the hot area in the Deccan, • South to south-east winds prevail in the , 
Madras coast districts, northerly to westerly winds in the Konkan and at Sholapur, Pqbn^ ■ 
and Belgaum, and south-west winds at Bellary and Bangalore. This circulation disappears 
in May when the hottest area is transferred northwards into Rajputana, and W'esf winds' 
prevail in the Deccan as well' as in. the Konkan and Malabar. 'Hence the general djreption' 
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ot the air movement over by far the greater part of India (exeept the Paojab and North- 
western Provinces) in May is similar to, and almost identical in direction tvith, that which 
obtains during the next period {■sis, the south'-west monsoon). 

During the cold-weather period the winds and air movement in the coast districts 
(except in the west coast districts from Bombay southwards) form part of the general 
cold weather outflow from the Interior of India to the adjacent seas. This circulation 
usually continues unchanged in all its more important featilrcs Until about the third or 
fourth week of February, when feeble sea winds usually commence in a very narrow belt of 
the coast districts of Burma, Bengal, Sind and Kathiawar. They increase in intensity 
and extend landwards and seawards during the next two months, and are in the month 
of May frequently of great intensity, blowing occasionally with a velocity of 25 to 40 miles 
an hour at the coast stations of Saugor Island, False Point, Bhuj and Veraval. They 
extend seawards to a distance of coo to 300 miles from the coast in the Arabian Sea 
during the month of May. In the Bay of Bengal similar sea winds prevail off the Madras 
Coast to a considerable distance and also over the whole of the Bay north of Lat. 16° N. . 
It should, however, be carefully noted that these sea winds are throughout the period local 
winds and are not part of a large general air circulation over the Whole of the Indian Seas. 
They are merely the increasing local indraught into India due to the increasing intensity 
of the thermal conditions in the interior and do not extend to any considerable distance 
seawards from the coast districts. 

The preceding remarks have indicated fully the chief features of the normal air 
movement in India during the hot weather. They may be summarized as follows j“- 

(1) There is a strong and increasing flow during this period from the w-est or 

north-west from the Punjab down the Gangeiic Valley and from the Sind 
and Kathiawar coasts across Rajputana, Central India, Berar and the Central 
Provinces. The increase is marked in the month of May over Rajputana, 
Central India, the Central Provinces and Berar, where it is more pronounced 
than in the Gangetic Plain. 

(2) There is a steady westerly inflow from the cast of the Arabian Sea across 

the Konkan and Malabar coasts, the influence of which extends further 
eastwards with the advance of the season. 

(3) There is a steady influx from the south of the Bay across the Coromandel 

and South India coasts. The winds on these coasts are on the mean of the 
period from south-east. 

(4) The winds are very variable and unsteady in the Deccan area between the two 

belts in the west and east of the Peninsula over which sea winds from the 
Arabian Sea and from the south of the Bay prevail almost exclusively. 
Winds are unsteady over the whole Deccan area south of Berar and the 
Central Provinces in March and April, and also in the eastern half of that 
area in May, steady westerly winds extending from the West Coast over 
the western half in that month. 

(5) There is a strong influx of sea winds across the Bengal coast during the 

period, usually most vigorous in April. 

(6) There is a moderate and fairly steady downflow of air in the Assam Valley. 

3 c * 
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(7) The three systems of converging winds in North-Eastern -India (vis., of soutii^; 

erly winds in South and East. Bengal, easterly winds down the Assam Valley 
and north-westerly to westerly winds in the eastern districts of the North- 
Western Provinces and Chota Nagpur)' give rise to a, yiw^'-permanent, 
unsteady cyclonic air movement oyer North-Eastern. India the centre 'of 
which is usually in South Bihar or Chota Nagpur. 

(8) There is a strong influx of sea winds across the South Burma or Pegu coast 

in April and May. Southerly winds, the continuation of -these sea winds, 
prevail in increasing strength in the interior of Burma during the period; 

(9) A special feature of the air movement in North-Westerii India is the marked 

tendency to the establishment of a local cyclonic -circulation in . the Sind 
hot area. It is shown clearly in the wind charts'(Fig. 3, Plate XLVHI) by, 
the wind directions at Kurrachee, Mooitan and -Jacobabad. (It may be' 
noted that this low pressure in the Sind hot area is, not' a permanent feature.' 
until the month of June.) ' • ... • 

The more important features of the rhean air movement in India during the months 
of March and May will be seen at a glance on reference'to Figs. and '3,' Plate XLVIII. 

In the hot ivealher months low pressure areas form; at frequent intervals in Sind 
or the South-West Punjab. Usually after two or three days' incubation, they .move- east- 
wards across Upper India, giving duststorms in the plains and thunderstorms in the hills. 
The preceding remarks give the normal features of the lower air movement. ' ' - - 

The observations of the higher, cirrus clouds show that the movement of, the .upper.' 
atmospheric strata is in the same general direction as in the preceding season. - 

Little or nothing is known by direct observation of the movement of the middle or, 
intermediate atmospheric strata. The preceding data show that' there is a steady and 
large inflow of air into India across'the sea coasts during the period. 'The wind observa- 
tions at Simla and general information indicate that there is also a considerable influx 
from the hill areas to the north and probably from the riorth-west of .Upper India. 

As pressure decreases largely over, the Indian land area, it is evident that'th'ere must 
be a large outflow in the middle atmospheric strata to counterbalance the inflow- across 
the coasts and to give rise to the large decrease of pressure in Northern India (averaging 
three-tenths of an inch), equivalent to a removal of about i-Jo^h of the. total. air mass over, 
that area. ' ' . . , - , ■ 

So far as I can judge from very feeble indications, there is a fairly steady drift to the 
south, and hence also (due to the earth’s rotation) to. the wek from the interior of India'to 
the seas to the south of India, and*perhaps as far as the northern half of the Indian Ocean,' 
This current Is mainly fed and maintained by the -very large convective air movenient 
over India during the day hours, and to which, so far as is indicated by observations; there 
is little corresponding downflow in' the Indian. land area. - , ' ., ,, 

The folloiying are the chief facts that I can' bring forward' in support' of these statev 
ments ; — ' , ' ' ' , : . 

(i) Marked tendency to high pressure conditions in April and to'a less- extent in 
' May, in the centre of the Arabian .Sea, with light anti-cyclonic winds, This -, 
is vgry clearly shown by the April chart of the Arabian Sea in Mr. Dallas's • 
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weather charts of the Arabian Sea published by the India Meteorological 
Department, 

(0) Slight tendency to similar conditions in the centre of the Bay of Bengal, 

, Occasionally in April and in May there occurs a large general reduction of pressure, 
establishing for a short period very low pressure conditions and accompanying a strong 
development of the hot winds of the Gangetic Plain, This is followed by an equally 
large and rapid increase of pressure. As an example may be given the period of the 12th 
to the I4lh May 1894, The only apparent explanation of this is that during the first 
stage of this oscitlalorj’ action, the outflow in the middle atmospheric strata described 
above is temporarily much increased and exceeds the inflow in the lower strata, and that 
the opposite is the case in the second stage. 

The chief abnormal features of the air movement during this period are due to the 
following actions : — 

(1) The very occasional formation of cyclonic storms in the B.iy of Bengal and 
Arabian Sea during the months of April and May. These march in very 
different directions according to the pressure and other conditions obtain- 
ing at the time of their inception. 

(5) The frequent formation of shallow depressions in Sind and their march 
through Rajputana to the Punjab hills. 

(3} The frequent occurrence of very strong hot dry winds in the Gangetic Plain. 
The air movement in that area during this period is chiefly a day movement 
h.aving its maximum intensity about 3 R.M. Under circumstances 
and conditions which have been fully explained in the memoir, Vol. Vf, 

• Part IV, Indian Mctcorologic.al Memoirs, these d.ay winds have occasionally 

.an .abnormal development and blow with the force of a gale and are 
characterised by intense dimness and very high temperature, 

U may also be noted that the period is characterised by the frequent occurrence of 
hot weather storms, including tornadoes, hailstorms, thunderstorms, duststorms, etc., and 
ih.at these are generally accompanied by strong to destructive winds. They occur chiefly 
in — 

(i) .Assam .and E.asl Bengal where there is much forced ascent of the sea winds 
blowing -against and across the Assam hills. 

(c) Chota Nagpur and West Bengal or in the central area of the hot weather 
depression in North-Eastern Indi.a. 

{3) The Deccan, in the .area of variable winds described in pages 21G-17. 

i't) Upper India, accompanying the passage of depressions from Sind c.istwards 
across North-Western India. 

The winds at all the hill stations in Ccntr.al India, including Mount Abu, Pachmarhi 
and Chikalda, have the same gencr.al direction and are of similar steadiness to those at 
the neighbouring plains st.ations. On tbc other hand, the winds at Wellington .and Newera 
Eliya di^er to some extent in direction from those at the neighbouring low level ^stations. 
These facts indicate that tlic lower air movement extends upw'.ards to at least 5.0C0 feel 
or G.ooo feet, .and probably consider.ably higher. Tbc return movement described above 
hence probably occurs between 10,000 feet and 20,000 feet. 
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The following table gives wind data for the montlis of March, April and May at these 
hill stations and the neighbouring plains stations . 


Station. 

March. 

Arril, ;• 

' May.' 

Direction.' 

Percentage . 
steadiness. 


Percentage 

steadiness. 

Direction, 

, Percentage 
. steadiness, 

/ Jubbulporcr . 


N 70° W 

23 - 

■N 7t“W, 

'34-' 

. N''o 9°W 

'48'''',:' 

t Hoshangabad . 


N 6o° W 

t2 

'.S'Bg'W . 

• .30 

S 87° w . 

■ 'S9 ■' 

1 Pachmarhi (Hill) 


N 57° W 

32 

,, ’n 62° w. 

43 

■' N 66“ w' ' 

•: . 58 

\ Nagpur . 


N 1° E 

12 

N 65° W 

22^ 

' N '‘4MV 

' .41 

r Chikalda (Hill) . 

• 

N 53° W 

30' 

■N47° W 


■’N36°W,.- 

: '65 ■; ■■ 

f Buldana , . 

• 

N28° W 

47 

. .Nas’W, 

58 

''N '49° W- 

, • _ J 

r Deesa . 

# 

N 66° W 

35 

S 88° W 

57 

• S6o°W ' 

es-- ' ' 

C Mount Abu (Hill) 


N 81“ W 

33 

. S 87° w - 

56 . 

, 5 67° W ■- 

.. .■ 

f Mysore . . 

* 

N 84° E 

37 

S 79” E 

. 

2 

S 83“ W 

. - 'C4' ' 

I Wellington (Hill) 

• 

S 49° E 

65 

S 58° E ,. 

■61 • 

N87f E -' 


\ Coimbatore . 

f 

S 76“ E 

S3 

S 21° E 

' ■ 53 ■ 

. Si7°W . 

■ '■ 69''V:> 

f Colombo , . 

. 

N 85° W 

3* 

S67°W 

62 ■ 

SS4°W • 

75 

t Ncwera Eliya (Hill) 

. 

Ss6°E 

57 

S4S°E 

, ' ,T3 ' 

N 74°. W 

. ''-'’33 


The following gives comparative data of the mean daily air movement in different 
parts of India during this period : — ,• • , • 


FoUTtCAL DIVISION OH ARSA. 


Punjab 

North-Western Provinces and Oudh 

Bihar 

Chota Nagpur. . , 

Bengal and Orissa Inland . 

Do, do. Coast . . 
Assam ..... 
Burma ..... 

Bay Islands .... 
Rajputana .... 
Central India .... 
Central Provinces • 

Bcrar ..... 
Bombay^r West Coast . 

D eccan . . . . . ^ 
Madras or East Coast . , . ' % • 
Madras Inland . ..... 


Mean daiiv air movbubnt in miles. 
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The more important inferences from the preceding are ; — 

(t) The air movement increases considerabl}' in intensity from March to May. 
The increase is most marked in Assam, Bengal, Bihar and Chota Nagpur 
in April, and in the Peninsula, Berar, the Central Provinces, Central India 
and Rajputana in May. 

(2) The air movement in April and May" is greater in amount in Northern India 

than during the height of the monsoon (June to August). 

(3) The air movement in the west coast and in the Deccan is less vigorous in 

the hot 'weather season than during the height of the south-ivest monsoon 
(June to August). 

Hence the general conclusion that in the part of India dominated by the Bay mon- 
soon current, the air movement is less in amount during the monsoon than in the two hot 
weather months antecedent to the monsoon, whereas in the part of India dominated by the 
Bombay current, the strongest winds ate due to monsoon conditions and not to hot 
weather conditions in India. The conclusion is one of some considerable importance in 
dealing with the origin and character of the air motion over India generally. The fol- 
lowing gives data in corroboration ; — 


Station. 

NoKMAI. DAU.V VELOCITY OF AIR TIOVEUbVT IN MILKS. | 

April, 

^^ay, 

June. 

July. 

August. 

Saugor Isl.wd 


. 

4 

t 

4 

419 

394 

373 

3S7 

31s 

False Point . 

« • 

« 

4 

« 

4 

34t 

33S 

303 

377 

338 

Karayanganj 

P * 

• 



4 

171 

»57 

178 

1E2. 

162 

Kurrachec . 

• • 

4 




329 

407 

433 

4.S 

397 

Bhu) . 

« • 

• 

4 

« 


adt 

370 

386 

399 

356 

RajVot . . 

* • 

4 



" 

548 

353 

348 

348 

278 

Deesa . 

• • 

• 


4 


aaS 

325 

397 

35« 

278 

Mount Abu . 

• « 

• 

• 

4 

4 

»93 

247 

*54 

278 

2S4 

Bomb.iy . 

« • 

« 


• 

4 

264 

247 

376 

450 

376 

Bdgaum 

4 • 


» 

4 

« 

320 

424 

556 

647 

5«7 


(1) Diurml variation of the intensity of the loiocr air moracmenf (yide Figs. 9 to 
16, Plate LllI, and Figs. 8 to 14, Plate LIV). — The diurnal variation is strongly pro. 
nounced in this season. It is on the whole most marked in the west coast districts and 
the West Deccan as represented by the stations of Bombay, Belgaum and Poona. 
At Bombay the velocity is least at 7 a.m. and thence increases until 3 P.M,, and is 
practically constant until 5 P,M. It falls off rapidly until 8 P.M. and slowly during the 
remainder of the night, 

The air movement is least at Poona at 7 A.M. It thence rises rather quickly until 
11 A.M. when there is a slight lag lasting until nearly i P.M. The movement thence 
increases rapidly until 7 P.M. (when it is lour limes as great as at 7 A.M.). It thence 
decreases at first rapidly until about midnight and thence slowly. The ait movement at 
Poona is hence remarkable for the great velocity between 4 P.M. and 9 P.M. and for the 
occurrence of the greatest velocity late in the afternoon at 7 P.M, 
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The wind at Belgaum is feeblest at 6 A.M. It thence increases, until lo A.m. and 
falls off slightly until i P.M., after which it increases rapidly to the maximum of the day 
at 5-30 P.M. It thence decreases very rapidly until midnigM and . Thence .slowly 
until 6 A.M. The variation of the- movement is hence similar to, that at Popna,-' except 
that the maximum occurs about hours earlier and that the lag about mid-day is much “ 
more marked at Belgaum than at Poona. 

The diurnal variation in the north and east’of the Peninsula as shown by the data 
for Nagpur and Pachmarhi is much less pronounced than at Belgaum, and Poona. Jhe 
air movement is feeble — practically constant in amount from 9 P.M, to 7 A.M. It thence ‘ 
increases up to the maximum of the day at about 2-30 P.M. and thence decreases until 

The variation in the Gangetic Plain and.Rajputana is similar to that of the Centra! 
Provinces. The air movement is feeble and uniform during the, night .hours from S'PiM, ' 
to 7 A.M. It thence Increases from 7 A.M. to 3 P.M. or 4 P.M. when it -is from two, to 
three times as great on the average as during the . night. It thence .falls rapidly frohi , 

S P.M. to 8 P.M. The curves for Hazaribagh, Lucknow, Jaipur, Agra and Lahore are ; 
all similar in character. The air movement is very light in the Punjab, barely averaging 
4i- miles per hour at the hottest period of the day. > , ' 

The variation at Rangoon is similar to that at Poona and Belgaum but of much 
smaller amplitude. The movement is least at 7 A.M, and greatest at '6 p.m. 

The preceding remarks indicate generally the character of the diurnal variation of! 
the air movement in different parts of India, . ' . 

Over the whole of the interior (at a distance of upwards 100 or 150 miles from the '' 
coast) the air movement is very feeble and unsteady during the night hours from . about 
8 P.M. to 6 A.M. or 7 A.M, and is on the average practically constant throughout that ' 
period. The mean wind velocity at the great majority of the stations ranges, between, 2 ’ 
and 5 miles and may be described as light airs and calms. It begins to increase at'about •- 
8 A. M., at first slowly and thence more and more rapidly up to the maximuiri at 2 P.M.'\ 
to 3 P.M., when the air movement is from two to five times as vigorous as during the night. 
It thence decreases, generally more rapidly than it previously increased, from 4 P.M., to 
8 P.M. when light airs and calms again set in. In the west coast districts, as . shown by 
the data for Trivandrum, Bombay and Kurrachee, the diurnal variation is very strongly ; 
marked. The air movement is least at about 7 A.M. to 8 A.M. and greatest between 2 P.M. • 
and 4 P.M. — the period of greatest convective movement in the interior. The wind velo- 
city at the maximum epoch at Kurrachee, Bhuj, Rajkot, Veraval, and Bombay - on the 
northern half of the west coast frequently exceeds '25 to 30 miles per hour; . An equally 
large increase of velocity occurs at stations within 100 or 150 miles from the west coast; 
including Deesa, Poona and Belgaum, but the.maximum is from two to three hours later ' 
' at these stations than at the neighbouring coast stations. The increase in the- mean air 
movement, due to the increasing intensity of the normal conditions and actions ' during 
this period, is very clearly shown by the curves in Plate XII, representing the 'annual, 
variation of the amount of the air movemeht.at the twenty-nine statioTis at .which: hourly - 
observations were recorded. • . ■ ; 

The diurnal variation of the air movement In Northern India is approximately given.' 
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•by the wind data in the memoirs of the hourly observations. The following gives data for 
■ stations in that area: — 


1 

Station, 

Mean iiour&v air 

MOVEMENT IN MltES tN 
March to May. 

Epoch. 

Mititmum, 

MaYimum. 

Mtmmuni. 

Maximum. | 

Lucknow 




. 



1 

3'4 

S-9 

6 A.M. 

j 

3 P.M. and 4 P.M. i 

Agra 

• 


• 

• 

. 

1 

o 9 

8-4 

Midnight to 4 a.M. 

2 P.M, 

Deesa , 

• 


. 

• 

. 

. 

71 

>35 

7 A.M. and 8 A.M. 

1 5 r^M. 

Laliore . 

• 


• 

. 

• 

• 

1-9 

4-3 

j Midnight to 2 A.M. 

4 P.M. 

Jaipur . 

■ 


* 

• 

• 

• 

•V 3 

1 *07 

1 

S 

1 

3 P.M. and 4 r.M. 


The preceding data indicate that the ratio of the night winds to the strongest day 
winds ranges between 2 and 3 over Northern India. Winds are feeblest during the night 
hours from 10 P.M. to 5 or 6 A.M., during which they vary little in strength, and are 
strongest from 2 P.M. to 4 P.M. and on the mean of all stations at 3 P.M. practically. 

In Plates LI II and LIV are given curves showing the mean diurnal variation of 
velocity for the period for fifteen stations in India. 

(2) Diurnal variation of the direction of the lo:vcr air movement . — On the west coast, 
as represented by Kurrachee, where winds range in mean direction between west and 
west-south-west, the air movement is from directions slightly more southerly than the 
mean between It A.M. and 8 P.M. and slightly more westerly than the mean from 2 P.M. 
to midnight. The maximum southing is at 2 P.M. and the maximum westing at 6 P.M. 
The diurnal variation at Deesa is similar in direction to that at Kurrachee and the 
maximum southing occurs at 3 P.M. 

The diurnal variation is large and complicated at Belgaum and Poona. These sta- 
tions in the West Deccan at the foot of the Ghats come under the influence of the strong 
westerly day winds blowing across the Bombay coast and the drift from north-east 
across the Deccan persistent throughout the day over the greater part of the area. The 
influence of the latter is strongest in the morning between 9 A.M. and i P.M. when winds 
are from north-easterly directions. It will be seen on reference to the curve (Fig. loi 
Plate LlV) giving the diurnal variation of velocity that this period corresponds to a period 
of slightly diminished air movement. During the remainder of the day winds are from 
westerly directions with a slight northerly element from 2 A.M. to 8 A.M. and with a south- 
erly element from 2 P.M. to i a.M. — strongest or most pronounced at 9 P.M. at Belgaum. 

At Jaipur and Nagpur, probably representative of Rajputana, Central India and the 
Central Provinces, the mean wind directions are approximately north-west. Winds are 
more westerly than the mean during the day hours from about 11 A.M. to 7 P.M. and 
more northerly during the night hours. The air movement is hence more directly across 
the Deccan and Central India by day than by night. The westing is a maximum at 
these stations about 3 P.M. The diurnal variation at Pachmarhi (where the mean wind 
direction is west-north-west) is opposite to that at Nagpur and Jaipur. 

The diurnal variation is small in amount in South Bengal. The mean winds are 
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224 


DISCUSSION OF THE RESULTS OF THE HOURLY OBSERVATIONS 


from south'South-westerly or south-westerly directions at Calcutta,. Saugdr fsland and ■ ‘ 
Dacca in this period. Winds are more southerly than the mean during tlie day hours and 

more westerly during the night hours, but the mean shift is small, not exceeding two 

points. ■ ? . . 

An important effect of the increased strength of the sea irinds blowing across the 
Bengal coast during this period is to give easterly winds during a part of the day up the 
Gangetic Valley as far west as Allahabad. The mean winds are from westerly directions in 
the North-Western Provinces and West Bihar, and hence at the stations in that area the ’ 
diurnal variation gives a complete shift of the wind from easterly to westerly directions 
At Patna winds-are, on the mean of the period, from midnight to ii a m. (orfor twelve ' 
hours) from easterly directions, whereas at Allahabad they are from easterly , directions - 
for four hours only, ■vte., from 7 P.M. to 1 1 p.M. , ' , . 

In the Gangetic Plain, west of Allahabad, the diurnal variation varies largely in charac- 
ter at different stations. The Lucknow data (of • doubtful value) indicate that winds are ■ 
remarkably steady from north-w'esterly directions throughout the whole day.' ' 1 

At Roorkee and Lahore there is, on the other hand, a well marked diurnal variation 
apparently chiefly related to the up and down movement across, the hills. ‘ At Roorkee 
winds are north westerly during the period of dowmflow. from 3 P.M to 6 a.M and'shift to 
east and south during the period of upflow. Similarly, at Lahore winds are from directions, ■ 
to the west of the mean direction from u A.M. to 7, P.M, and from directions to the cast 
of the mean from 7 P.M. to 10 A.M. 

The variation at Chittagong, probably represents the conditions along-the whole' 
Arakan coast. Winds are, on the mean of the period, from south. There is a land influence • 
from I i P.M. to 1 1 A.M., giving.winds ranging betw'een. south and south-east, and a strong' ■ ' 
sea influence (giving a westerly element) during the day hours from noon' to 9, P.M. The . 
easterly element is strongest at 8 A.M. and the westerly at 3 P.M., ' . . 

At Beliary the variation is similar in general character to. that at Chittagong but . 
inverse in direction. The mean wind direction of the period is south. ■ Winds are more 
easterly during the day hours from noon to 10 P.M,, that is, during the period of increased 
indraught from the Bay. ' Tlie. easterly component is slight at noon. Winds have a westerly 
component from 10 P.M. to noon, most pronounced from 7 ' to 8. A.M. The variation ove _ 
the eastern half of the Peninsula, south of .the latitude of Masulipatam, probably follows 
the same law at all stations. 

The preceding data show that the diurnal; variation, of air movement at- Jubbulpore, ' 

Nagpur, Triohinopoly and' perhaps Bellary is similar in character to that in the Gangetic 
Plain. It. is entirely different at Rangoon, Poona and Belgaum,. where it is, however; . 
similar to that at. Calcutta and is due to the variations of' the air movement or sea breezes , 
in the coast districts. These wdnds are probably strongest on the coast about 2 or 3 P.M.; 
but their maximum occurs later with increasing distance from the coast. These three 
stations (vts^ Rangoon, Poona and Belgaum) are all at about the same distance from the ■ 
coast and leSs than Calcutta. The maximum velocity of the winds in their diurnal variation 
at these stations is about 6 P.M. and. about tw'o hours earlier than at Calcutta. ' , 

The air movement of thfi rainy season in Fig..4, Plate 

XLVIII, and Fig. 1, Plate XLIX, give isobars and the wind directions and .steadiness in 
the months of June and August by means of wind arrows, the direction of which (fl)™ff ■ ; 
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with the wind show) the mean direction of the wind and the length of the arrows propor- 
tionately to a length of five-eighths of an inch (which length indicates complete steadi- 
ness) the percentage of steadiness. The month of June shows tiie transition from the 
hot weather air movement to that of the rainy season and the month of August the lower 
air movement in the height of the rainy season. 

A comparison of the charts for May and August will show that over the greater 
part of India, including Burma, North Eastern and Central India and the Peninsula, the 
direction of the air movement is almost identical. The character of the winds and 
accompanying weather in the two seasons arc, however, utterly different, the changes 
being slight in the coast districts but large in the interior. The winds in May over 
the greater part of India are liot, dry and vigorous, and have a very strongly marked 
diurnal oscillation or variation. In August winds are, on the other hand, moderate and 
with a slight diurnal variation and the weather Iiumid and rainy. The winds in May, as in 
August, arc sea winds, but are purely local and only extend seawards to 100 to 300 miles 
from the coast districts, whereas in August they arc part of a general air circulation 
extending over the whole of the Indian seas and the northern half and centre of the Indian 
Ocean. The processes by which the local circulation which obtains in India and the 
adjacent seas is transformed into the general circulation of the rainy season are explained 
in my paper on the " Origin of the Cold-Weather Storms in India ” published in the journal 
of the Royal iiletcorological Sockly. The transformation commences in the south of the 
Bay In the latter part of May, and is usually completed over the whole of the Indian area 
before the end of June. 

The following is a statement of the general character of the air movement over 
India in July and August when the south-west monsoun is lully established. 

In the Arabian Sea winds range in direction from south-wcsi in the south, centre and 
west of that area to west in the north and east, or in the neighbourhood of the Mekran and 
West Indi.T coasts. The average force of the winds is greater in Oiat area than in the 
Bay of Bcng.al. Winds arc, as a rule, strongest to the south and east of Socotra. Tiio 
following gives comj).arativc data;— • 


• 

Mfaft f0<cc 
ct 

In Afattatt 

Maiinton (otc« 

of Ct)»TCflt 

10 Ariltan ^'ca. 

Area of 

»lrcnf:wt Wind*. 

Mirtimum frece 
<4 currtnl 
in Arabian Sea. 

Area of 
itrongcit tiiptU 

]d)- . 

* » • 

’ 

• 

4-<; 

6-9 

Uct'vctn I-M. 
iG’ N and 
i„nt. 50 * N 
.ntid I-oni;. 
SS’ E .ind 
1.0!if;. Gj° E. 

«'5 
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iS® N .and 
Lau 12" N, 
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7S'> E and 
Lonjj.So® E. 





4*3 

7 '? 

nciKcea L.nf. 
8’ N and 

i-n. 12* N 
.'ini! I.onj:. 
5.}° E and 
LoniJ. sS" It. 

rfi 

Drliiccn I..it. 
24° N and 
Eat. 25 ° N 
.and I.on;;. 
5S’ E and 
l.ong. 62' It. 


The lower atmospheric current of the rainy season in the Arabian Sea crosses the 
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West Coast almost at right angles along its whole length (about ijobo miles).- The folloiv- 
incr data indicate the average strength of this current at different parts of the coast'!** ' 



Kurrachce 
Bhuj . 
V ef aval . 
Bombay 
Ratragiri 
Karwar . 
Mangalore 
Cochin . 


It is probable that the average velocity .of influx from the’ Arabian Sea in the lower, 
atmospheric strata during the monsoon is from 350 to 400 miles per diem. . 'i 
The air current over the south of the Bay passes partly into Burma across the South' 
Pegu coast and partly into Bengal across the coast between Chittagong and False Point, 
The current advances almost parallel to the coast of the Circars and Ganjam and .except ’ 
during the prevalence of certain types of cyclonic storms, a very small portion of the Bay' 
current crosses these coasts. The length of the Bengal Coast traversed directly by the 
current is barely 400 miles. The following data indicate the- approximate velocity of the 
lower current at this stage : — ' ' ■ 


AlTRAffE NORMAL VEV OCITV Of 
WIND I’ER DIEM IN 

J"'y= 

August. 

, Miles. 

4*5 

Miles. 

397 \ 

399 

356 

■ 310 

264 

450 

• ■ 376 , 

312 ‘ 

244 , 

123 ■ ■ 

87’. 

78 

^9 .. 

131 

’33 




ATERACE normal daily VELOCin 
OF WIND IN 


July. 

August. 


Miles. 

Miles. 

False Point ......... 

277 

238 

Saugor Island 

357 ■ 

315 

Jessore 

III 

99 - . 

Noakhali ......... 

163 

i 6 t 



The velocity hence averages about 215 miles per diem. 

, Hence assuming that, vertically, conditions are similar as regards height of the 
current and variation of velocity -with height, the volume of the influx of the Bombay or 
Arabian Sea current exceeds that of the Bengal or North Bay current in the ratio of 
1,500 X 350 : 400'X 215 or 6 ; i. The area dependent chiefly or solely upon the Bengal 
current (including Bengal, Assam, Bihar, Chota Nagpur, the North-Western Provinces 
and the East Punjab) is roughly 320,000 square miles, and the area mainly or solely 
dependent on the Bombay current 900,000 square miles, that is, about three times as 
great as that dependent on the Bay current. Assuming also that the humidity conditions of 
the two currents are similar, the preceding gives as a rough estimate of the importance 
of the two currents, the ratio of 2 to i (Bombay to Bay), 
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This estimate of the relative importance of the two branches of the monsoon 
currents agrees fairly well with the general facts of the total rainfall and distribution of 
rainfall in India during the south-west monsoon. Hence we have the following important 
conclusions ; — 

(1) The relative importance of the Bombay to the Bengal current, as measured by 

volume and velocity, or by rainfall, is approximately 2:1. 

(2) There appears to be little difference between the elevation and rate of vertical 

change of velocity and of the humidity conditions of the two currents. 

The direction of the air movement {yids chart. Fig. i, Plate XLIX) over the greater 
part of the area dominated by the Bombay current (including the Peninsula, Gujarat, 
Kathiawar and Central India) is west with generally a feeble southerly element. 'In 
Rajputana and the West Punjab winds are generally from directions ranging betw'een 
south and west. 

The following table, giving mean daily air movement at stations where the anemome- 
ters are similarly exposed, shows the decreasing strength of the Bombay current as it 
advances landwards : — 


Station. 

Average NoR^ 
VBLOC 

July. 

AL DAILY WIND 
ITY m 

August. 








Miles. 

Miies. 

1" Poona . 

• 






386 


f Sholapur 

. - 


* • • 

» 


. 

336 


i Hyderabad (Dcccan) 


* * * 




249 

203 

^ Khandwa 

• • 






217 

199 

^Jubbulpore 

. 


* • « 



• 


lol 

! Bhuj 






- 

399 

356 

j Deesa . 

. 






351 

278 

/ Ajmer . 







iSs 

tS6 

\ Jaipur • 

• 






133 

118 


The previous remarks have hence shown that the direction of the movement of the 
Bombay current across the country is practically unchanged, ranging between west and 
south-west over nearly the whole area affected by it. The contrary is the case with the 
Bengal current. It crosses the coast nearly at right angles to its trend. In its further passage 
inland towards Upper India it is deflected by the Himalayas, and bence the main body of 
the current is deflected from south through south-east to east in its advance across 
Bengal and Bihar and the Gangetic Plain generally. The direction of the me.an wind.s 
in the North-Western Provinces is between east and south-east or practically parallel to 
the Himalayas. 
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The following data indicate fhe decreased air movement in proceeding westwards up 
the Gangetic Plain during this period. The decrease in its landward progress is much 

less marked than in the case of the Bombay current: — 


Station. 

Avcraoe nor.\ 
VELOC 

Jnij. 

AL DAILY WIND 

ITY IN ' 

. August, ^ 










• Miles. 

Miles. 

Calcutt.i . 





• 


• 

• 

123 

”5 

Burdwan . 



• 




• 

• 

103 

86 

Patna . 



• 




• 

. 

JOl 

96 - 

Allahabad 



• 





. 

119 

106 . 

Lucknott- 






• 

• 

. 

93 

70 

Delhi . 



• 


• 


• 

• 

107 

99 . - 

Lahore . 



• 


• 


• 

• 

&0 

69 


The chart for August (Fig. i, Plate XLIX) indicates that over the whole ot tne 
country to the south of a line joining Saugor Island, Hazaribagh, Allahabad, Agra, Sirsas 
and Mooltan, a strong and steady horizontal air current from the west obtains.' 

A horizontal current of considerable steadiness advances across the Bengal coast . 
giving w'inds the mean direction of which is south-south-east in South Bengal. This 
current advances up the Gangetic Plain to the East Punjab and is deflected' by the . 
mountain ranges to the north. The mean winds in the sub-montane districts of the , 
Gangetic Plain are hence practically parallel to the axis of the plain and to the Himalayas. 
In the intermediate belt between the two areas of westerly and easterly winds, due to-, 
the tw'o branches of the monsoon current in India, is a narrow elongated belt of country- 
in which winds are remarkably unsteady and variable.. ' • . 

The following data indicate the position of this intermediate belt of variable- 
winds : — ' . ' , , ' 


Stations to north. 

Normal 
percentage bf 
steadiness 
in 

August. 

Stations in 

THE'INTEKMEDrATD 

CELT. 

■ Normal 
perccnlagd o£ 
steadiness 
in 

August. 

Stations to south. 

Normal 
percentage of 
steadiness 
in ' 
August. 

Patna . • 

38 

Hazaribagh . . 

8 

S.ambalpur . . 

4 f 

Gorakhpur . 

CO 

Benares. . 

II 

Jubbulpore . 

• 64 

Bareilly 

16 . 

Allahabad. . 

+ 

Jaipur . . ' . 

43 

Roorkee . • 

, 22 

Agra . 

7 , 

Bikaner . 

49 , ' 

Lahore » • • 

25 

t 

Delhi . ... 

G. 

Jacobabad . 

59 



SirsR • • ^ « 

• 16 
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The following data give the air movement at these stations ; — 


Stations to north. 

^ Normal 
wind velocity 
per diem 
in 

August. 

Sr.VTION'S IN 

THE intermediate 

nELT. 

^ Normal ^ 
tNind velocity 
per diem 
in 

Augusit 

Stations to sooth. 

^ Normal^ 
wind velocity 
per diem 
in 

August. 


Miles. 


Miles 


Miles. 

P.itra 

96 

Hajaribagh . 

•85 

Sambalpur i 

72 

Gorr.khpur 

55 

Benares . . 

lOZ 

Jubbulpore 

lOI 

B.lrci!!y . . , 

8S 

Allahabad . 

loC 

Jaipur . 

118 

Rocrlec . « • 

ss 

Agra . 

146 

Bikaner . . 

150 

L.ihore . . 

69 

Delhi , . , 

00 

Jacobabad 

101 



Sirsa . . 

III 

/ 




The data hence show that in the intermediate belt the air movement although very 
unsteady and variable is stronger than at stations in the neighbourhood to the north and 
south. The position of the belt is very clearly indicated on the August chart, Fig. 1, 
Plate XLIX. 

The chief abnormal features of the air movement in India during the period are : — 

(1) The varying strength of the two currents. 

(2) The varying position of the intermediate belt of low pressure and unsteady 

winds. 

(3) The frequent occurrence of cyclonic storms. 

The strengths of the two currents vary very considerably during the season. A strong 
influx of the humid currents accompanies very heavy rainfall in the interior, frequently at a 
greater rate than is supplied by the current. The rainfall under these conditions diminishes 
in . the interior, the indraught falls off and the winds tend to become light and variable, 
more especially in the area dominated by the weaker or the Bay of Bengal current. Fine 
weather with passing clouds and local showers sets in for a few days in Northern and 
Central India and overthe head of the Bay. Meanwhile, the winds continue in almost un- 
diminished strength in the south of the Bay and the large supplies of aqueous vapour 
furnished by that movement tend to accumulate in the north of the Bay. Heavy rain 
recommences in the north of the Bay, more or less localized in its distribution, and in the 
maiority of cases it gives rise to a cyclonic storm which advances landwards, carrying 
the humid currents and rainfall into the interior with it and giving another general burst 
of rainfall for some days. Then the rainfall diminishes and another period of light winds 
followed by the formation of another storm and an advance of a burst of rainfall occurs. 

The Ambian Sea current is much steadier than the Bay current. The indraught 
across the West Coast, however, varies very considerably in strength, depending chiefly 
upon pressure conditions in the interior. Tiicse variations affect chiefly the extension of 
the area of rainfall which contracts seawards and expands landw’ards according to 
these conditions. The rainfall hence varies partly in intensity but chiefly in the extent 
o! urea over which it occurs. 
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The- two .currents do not necessarily vary simultaneously in strength, although they 
frequently do so. They are to some extent independent- of each other, and hence thMr ' 
relative strengths vary. As the position of the intermediate belt will evidently depend 
upon the relative strength and area of extension of the two currents, it varies considerably, 
and apparently irregularly during the season. ' ' , , ' 

The position of this belt is of considerable importance for several reasons, the chief 
being that cyclonic storms during this period almost invariably advance along this inter* 
mediate belt. It hence determines the distribution of the heavy cyclonic rainfall which 
accompanies the advance of the cyclonic storms of the period. • . • 

(/) Diurnal 'oariation of the velocity of the louver air movement. — The diurnal varia- 
tion of velocity at fifteen stations, for which data are given in the memoirs' on the hourly- 
observations, is shown by curves in Plates LV and LVl. , . 

The diurnal variation of the air movement is small but well-marked at Bombay. 
There is a slight rise from midnight to 4 a.m. followed by a slight fall until j a.m. ■ 
This variation is probably of very slight importance. The chief feature is a moderate ■ 
increase of velocity from g A.M. to 3 P.M. followed by a more rapid decrease until 8 p.M. 
The curve shows clearly that there is on the Konkan Coast during this season a moderate,. : 
increase of velocity during the period of increasing temperature in the interior. . , 

The curves for Poona and Belgaum show a large day variation or oscillation. du'e , 
chiefly to the heating of the interior of the Peninsula, The air movement is least at, about ■ 
6 A.M. and increases rapidly from 7 A.M. to 2 P.M. at Belgaum, when it is about twice as 
great as at 6 A.M. It decreases rapidly from 4 P.M. to 10 P.M., and thence more and more - 
.slowly during the night hours. The epochs of minimum and maximum velocity are 
^one hour later at Poona than at Belgaum. The diurnal variation is hence large and pro-, 
nounced in the West Deccan as represented by these two stations. 

The diurnal variation is similar in character, although much less in actual amount 
in the Central Provinces as represented by Nagpur and Jubbulpore to that in the- West 
Deccan. The air movement at these stations in its diurnal variation is feeblest at 3 A.M. 
It increases slightly until 7 a.m. and thence more rapidly up to a maximum at 3 P.M. 
when the wind velocity is about twice as great as at 3 A.M. ' 

The character and amount of the variation of the velocity of the air moverhent are 
shown by the following data for the area covered by the Bombay monsoon current 



Mean hourly vklocitv in miles. 


'•Station, 

Matiinum, 

Minimum. 

Ratio. 

Bombay ..... 

j8s 

15-5 

’ 1*3 ' 

Deesn 

14-3 ■ 

t/'i 

r6 

Poona 

22*2 

9-t 

2-4 

Belgaum . , . , , 

29-7 

1 6’ 2 

i-s 

Nagpur 

9-2 

A‘4 

2’I 

Jubbulpore . • , , . 

\ 

6-2 

2*8 

2*2 
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, The curves for Rangoon, Lucknow, Agra and Lahore show that the diurnal variation 
of the air movement in the area dominated by the Bay current is similar in character to 
that of the Bombay current. At all these stations the wind velocity is lowest in the early 
•morning and increases up to a maximum between noon and 4 P.M. The curves are fairly 
symmetrical at these stations. The following table gives the maximum and minimum 
values of the wind velocity and the epochs of their occurrence at these stations : — 


Station. 

Mean hourly velocity 

IN MILES. 

. 




Maximum, 

Minimum, 

maximum to 
minimum velocity. 

Epoch of 
maximum. 

Epoch of 
minimum. 

, Rangoon 

rs 

3‘4 

3*0 

4 P.M. 

6 A.M. 

Lucknow 

67 

3‘i 

2 2 

Noon 

9 and 10 p.m. 

Agra 

&g 

36 

rg 

2 P.M. 

Midnight 

Lahore ..... 

3 -^ 

r8 

2*1 

1 » 

3 and 4 A.M. 


The ratios for the stations in the Gangetic Plain agree closely with those in the 
preceding table for stations under the influence of the Bombay current. 

The data hence indicate very clearly that the indraught into India from the adjacent 
seas has a well marked diurnal variation during the south-west monsoon. It has a single 
maximum and minimum and is least in volume and intensity in the early morning hours 
from 3 A.M. to 6 A.M. The maximum is generally between 2 P.M. and 3 p M., and hence 
coincides very closely with the period of maximum temperature in its diurnal variation. 

It is hence evident that there is during the period of increasing temperature 
in the day a large Increase of convective movement and of uptake in the interior of India, 
and hence also a large increase in the indraught into India from the adjacent seas during 
the same period. This indraught decreases rapidly during the period of rapid decrease of 
temperature in the afternoon and evening hours from 3 P.M. or 4 P.M. to 8 P.M. and 
thence slightly during the night and until shortly before sunrise. 

{2) Dmrnal variation in the direction of the air movement . — Over the greater part 
of the area including the Peninsula excepting Berar and the Central Provinces and also in 
South-West Rajputana, where winds are on the mean from westerly directions with a slight 
southing, winds are more westerly and less southerly than the mean during the day hours. 
This westerly deflection is greatest at Belgaum about 10 a.M., at Bellary about noon, 
at Poona about 4 P.M., at Deesa about 1 1 A.M., and at Kurrachee about 5 A.M. During 
the evening and night hours the southerly element of the wind is strengthened and winds 
‘ blow from directions slightly to the south of the mean direction. The deflection is small 
in amount, on the average in no case exceeding a point (22!°). The southerly element is 
strongest at Kurrachee at i P.M., at Deesa at 11 P.M., at Poona at i A.M., at Bellary at 
8 P.M., and at Belgaum at 4 P.M. 

In Berar, the Central Provinces, Central India and East and Central Rajputana, 
where the mean wind directions are westerly with a slight northing, winds are slightly 
more northerly than the mean during the day hours and slightly less northerly in the 

2 E 
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night and morning hours. The northerly component is strongest at Jaipur at lo a.m. at 
Jubbulpore at 4 P.M., at Pachmarhi at I P.M. and at Nagpur at lo A.M. : 

) " i 

The westerly element is most marked at Kurrachee at 8 A M., at Jaipur at 10 a;m. 
at Jubbulpore at 10 A.M., at Pachmarhi at 6 A.M. and at Nagpur at lo A.M. . 

The air movement over the greater part of the area under the influence of the 
Bombay current is remarkably steady. 

The following gives data in illustration for seven stations : — 


Station. 

/ 

NOHMAL PgRCENTAOE OF STEADINESS. 

June. 

July* 

August. 

Scf*tefnbcf. 

Bombay •••«•«• 

65 

8 S 

83 

S 2 ' 

Bellary ....... 

78 

SB 

87 

, 7 S 

Belgaum ••••••, 

78 

87 

89 

IS 

Nagpur 

S 3 

■ 69 

64 

■ 

Poona *•#«••• 

78 

90 

89 

77 • 

Deesa 

70 

73 

. '78 

55 

Kurrachec 

8S 

85 

8S 

•87 • ■ 


The data indicate that over the greater part of the area the steadiness percentage 
ranges between 80 and go in July and, August. ^ 

The easterly winds in the Gangetic Plain, the continuation of the Bay current, aire 
remarkably unsteady compared with the westerly winds of Western India. The following 
gives data for five stations showing the unsteadiness of the winds in the' Gangetic Plain 
throughout the rainy season fron^ June to September : — 


Norual fcrccktace of wimd sreADrKb'Ss in ■ 



Jttne» 

July. 

■ August. 

September. 

Calcutta . 

• 9 *■ 


* 

. 

59 

O3 

$6 

1 ^ 

Patna . . 

• • • 

• 

• 


48 

39 

38. 

37 

Lucknow 

• • * 



. 

16 

'S' , 

141 ' 

; iS 

Roorkee 


« 

. 

• 

»7 

33 

22r 

7 

Lahore . 

• • • 


• 

• 

6 

30 

2S 

r ' 
















RECORDED AT: 29 STATIONS- IN INDIA. 


233 

A comparison of. the chart, Plate LI Figs.' 1 and 2, giving the normal pressure' and 
winds of the month. ot July at 8 A.M. and.4 P.M.- shows the chief features of the- diurnal 
variation, of the direction of the. air movement during the rainy season. 

The air movement is almost unchanged in direction during the evening andmight hours; 
The chart, for 8 A.M. hence shows the mean winds during the night and early morning 
hours.. The. heating of the interior during, the day hours produces little or no change in 
the wind direction over Burma,! Bengal, the Peninsula and, the North Bombay coast 
districts. Winds are during, the day hours slightly more northerly in Rajputana and the 
eastern districts- or stations of Central India. The- only important variation, or change is- 
in the Gangetic Plain.. The position of the trough of low pressure (as indicated by the 
winds) is shifted slightly southwards during the period of increasing temperature, and 
northwards during the remainder of the day. There are hence large local diurnal changes 
in the wind directions of stations situated in or near the mean position of the area of the 
trough ot low pressure. The following gives examples of the large shift : — 



Mean wind direction July. 

; S A.M. 

4 P.M. 


0 

e 

Hazaribagh . 

S45W. 

S 63 E 

i Allahabad: .. ........ 

S 27 W 

N 10 E 

Agra 

S 24 W- 

S 68 E 

Lucknow 

S 38 E 

N'23E 


The. previous remarks indicate that the diurnal variation in the direction of the air 
mo.vement in the rainy, season is very slight in amount over the whole of India except part 
of the Gangetic Plain. There' is a slight tendency to increased northing in Rajputana and 
Central India and increased westing in the Peninsula,. 

The air movemovt of the retreating south-west monsoon . — 

The air movement during this period is somewhat complex. The retreat or withdrawal 
of the south-wek humid current is a much slower process than its establishment in June. 
It is most probable that its retreat is due partly to the decreasing strength of the 
indraught and partly to the development of high pressure conditions and air movements 
~ to the north and. west of India antagonistic to the extension of the monsoon. The with- 
drawal of the monsoon is followed in North-West and Central India by the prevalence of 
remarkably fine, clearweather, low humidity and moderate and decreasing temperature. Its 
withdrawal from Upper India accompanies and is followed by a slow but fairly continuous 
increase of pressure during the next two months in the Persian area and Upper India. Light, 
unsteady winds from the north-west set in and increase slowly in steadiness and strength. 
The continued retreat of the current takes place somewhat differently in different years 
but usually by a- series of steps. It first withdraws from ’Upper India, then in a fortnight 
or three weeks afterwards from the Gangetic Plain and Central India, and then after 
another similar- interval from- Bengal, usually in the. third, or fourth week of October. 
During the same period the monsoon current in the Arabian Sea has usually withdrawn 
to the south of Lat. 16° N. It continues to give occasional showers in the South Konkan 
and Malabar during October when it ceases as a rule to give further rain to India. 

E 2 E 
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The Bay current continues to giv'e occasional rain to Burma for a short time after 't 
withdraws from Bengal. The length of this period of rainfall is very variable frqm yearto' 
year and is apparently chiefly dependent upon the changing pressure conditions in Up r 
Burma and South India. - ‘ ■ 

The rains usually cease in Burma in the third or fourth week of October! Lirl’t' 
unsteady or northerly winds gradually set in, accompanying a considerable rise of p'rejsiR 
in that area and a large change in the air movement. Hitherto the monsoon current intbt 
.Bay has extended over the whole area and the coasts of Burma and Bengal Northwiy 
winds now' set in over the north of the Bay, and the monsoon current recurves in the Bar' 
from south-west through south and south-east to east and north-east, and is determined 
to the East Coast and centre of the Peninsula. Heavy and fairly general rain occurs' 
over the coast districts and occasional rain in the interior. The current, continues w 
weaken and to retreat or contract southward, and in the latter half of Novemher Mti 
the beginning of December it is restricted to the south of the Bay and gives rain to & 
Coromandel districts south of Nellore and to the interior districts of Southern India.’ If 
usually withdraw's from the Bay about the middle of December by which lime notlli- 
easterly winds, the continuation of the land winds now prevailing in Burma and Nortiietn' 
India, obtain over the whole area. ■ . ' , 

Usually by the middle of December north-east monsoon winds are established qVu. 
the Indian Seas. A light drift from north-west obtains generally in Extfa-Tropicaljndir 
which is continued as a moderate movement over the Bay of Bengal from north»east and 
across the Madras Coast and the interior of the Peninsula as easterly winds and 
thence into the Arabian Sea where it forms part of the general north-easterly drift over 
that area. •" , 

The transitional period, including October and November when the land winds are as 
yet feeble and the Bay current is decaying and retreating, is remarkable for the lightness 
of the air movement in Northern and Central India. ■ • 

The following gives data for a few stations : — 








NoKMAI. DAII.r WIND VtlOCITY.' 

bTATlON. 





October. 

Novewher. ■ 

Lahore .... 





. 

Miles. 

39 

Miles. 

32 

Roorkce , . , , 




* 

. 

31 

26 ' 

Lucknow .... 





. 

47 

34 

Allahabad . . . 





. • 

66 

' 49 

Jaipur .... 






77 

66 

Patna .... 






45 

37 '’. 

Calcutta . . , 






67 

62 ' 

Hazaribagh 





« , 

• 

X24 

no 

Sibsagar 


' 




' 4B 

40 


iiic me rcmarKaoiy unsceaay m upper inaia aunng cne iwiy— 

period. They are also very unsteady over the w'hole of the Gangetic Plain and Lower 
Bengal in the transition month of October, but the air movement increases rapidl} 
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in steadiness as well as in strength during the two remaining months of the period. The 
following table gives data showing the monthly percentage of steadiness at seven 
representative stations in that area during the period : — 


- 

Station, 

Percentage of steadiness in | 

October* 

November, 

December. 

Calcutta 


« • 



If 

S9 

62 

Patna 


• « 



s 

31 

51 

Hazaribagh 


• • 



24 

45 

56 

Allahabad 


• • 



t8 

23 

25 

Lucknow 

• 

• • 



45 

40 

41 

Roorkee 

« 

« • 



6 

4 

>5 

Lahore • 


• • 



It 

18 

20 


The air movement is much stronger in the Peninsula than in Northern India. Fairly 
steady north-east to east winds obtain, strong in the Coromandel Coast districts and 
moderate in the Deccan and North Madras. The following gives data for twelve stations 
showing the intensity of the air movement in these areas during the period ; — 



VeLOCITVIN JULES PER HOUR. 

October. 

November. 

December. 

Period. 

Gop.alpur . 






• 

• 

6-3 

7'o 

6-9 

67 

Masulipatam 








4’4 

S'S 

57 

5‘2 

Coc3n.ada 






• 


7‘4 

io'8 

lO'O 

9’4 

Madras . 







, 

5’o 

6-8 

7-6 

6-5 

Negapatam . 








37 . 

5’2 

6-8 

S’2 

Pamban 








8'6 

IO*X 

13-3 

107 

Hyderabad . 








4-0 

37 

3’4 

37 

Poona . . 








5-8 

5-8 

57 

5-8 

Bellary 








4’3 

3’3 

3-1 

3(> 

Trichinopoly. 








3-8 

4‘a 

5-0 

4'3 

Bangalore . 








4-0 

37 

3-9 

3'9 

Tinnevelly . 








4'5 

4'1 

5-2 

4'6 


The following table gives percentage of steadiness for selected stations in the 
interior of the Peninsula : — 


SrATIOK.. 

Percentage of steadiness in ] 

October# 

November. 

December. 

MH|H| 

■ 

■ 


do 

54 


■ 



60 

54 


■ 



64 

67 


■ 

■ 


55 

69 

• • • 

• 

• 


54 

67 


Nagput 
Poona • 
Bcigaum 
BcIIary . 
Trichinopoly 


















236. DISCUSSION OP THE' RESULTS, OF THE. HOURLY OilSERVATlONS 

Winda are, fairly- steady at the. \yest c,oast stations duriog thig periods , They are 
most unsteady at Kurrachee. and Trivandrum, aa shown below . 


Statioh., 

Percehtaoe op steadiness in I 

October. 

November. 

December. 

Kurracheo 





6 x 

18 

■ ^3 

Bombay 

• 

• . 

• 


33 

57- , 

58. ■ 

Trivandrum 

• 



. 

4« 

18 

17. ' 

Karwar 

• 

• 

• 

• 

63 

46 

54 


The preceding remarks have shown that there is no general circulation , over the 
whole of India common to the whole period. The two chief features are the gradual 
decay and retreat of the south-west monsoon currents in possession at the commencement V 
of the period, and. the. initi.ati.on, o.f the land winds in Upper Indiaand their gradual extension 
over the whole Indian land, and sea a.reas during the next, three mon.ths,. At the, end of ' 
December thcj c6Id-\yeath,er air movement, of the north-east monsoon is fully established. 

Little is, known., of the upper- air movem.ent. The few. cirrus clouds, occasionally, ' 
seen in this period indicate that in the highest strata there is, a rapid drift from west or 
wes_t-squth-wes_t.. The height of the lower land current is probably even less than in the 
cold weather.. There is probably- a slight inflow above 3,000 or 4,000 feet from the north 
of the Bay and the Arabian Sea into the interior. ... 

The diurnal’ variation of' velocity, is similar to that of the cold weather but is of smaller •. 
amplitude. The variation of direction is also similar to that of' the cold weather over* 
the greater part of the country. 

Diurnal variation of the velocity of the lower air movement . — The mean diurnal 
variation of the velocity of the air movement is given by means of curves in Plates LV' 
and LVI for fifteen stations in different parts of India. • . , ■ 

The diurnal variation is generally Ie.ss pronounced than in the hot weather, and. the 
rains. The variation for Bombay is probably typical of that which occurs along the, whole . 
west coast and shows very clearly the alternating influence of the land and sea breezes. . ■ 
The velocity is a minimum about midnight and increases up to a secondary maximum at 
about 8 A.M. (due to the land breeze) and falls to a secondary minimum at about noon., , 
It thence increases rapidly to 4 P.M., the epoch of the absolute maximum (due to the sea 
breeze) and falls slightly until 8 p.M. and rapidly from that hour until 10 p.m:. This is . 
almost certainly the type of variation for all stations in India at which land. and; sea 
breezes prevail, and which are cut off by mountain ranges from the influence. of the ■ 
general' air- movement- over- the- Indian area. It is, for. example,, also, cleaxly.shown-by/ 
the Trivandrum curye.. 

The curves for Rangoon, Deesa, Poona and Belgaum are peculiar and, unique.. At, 
the last station the velocity is nearly constant from 9 P.M. to 6 A.M. It increases very 
rapidly from 7 A.M. to 10 A.M. when- winds are strongest and thence decreases steadily 
until 9 P.M. The air movement at Poona is.very feeble from midnight to 8 A.M. when ' 
it averages sj miles per hour. It increases very rapidly up to the maximum of the day 
at noon when the velocity -averages 9*3,; miles per hour.. It is almost, unchanged- in 
average amount until 7 P.M:, after which it falls rapidly until midnight. TJie;most note- 
worthy feature of the air movement at these stations is the early occurrence of the-maximura 
velocity (about noon): 
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Ovet x\ih east of the Peniii§ula, BerAf, Hyderabad, the Genfral ProVincfes ahd the 
interiot of Northerti India attd Central Ihdia the diurnal variation is of the nofnial typ'ej 
having a single maximum ahd minimum at about 3 p.M: and 7 A-.m. The air mbvemeht 
is vety feeble during the hight hours from 8 P.M-. to 8 A.M. bill is fairly steady inatiibuhti 
ft thence increased up to the maximum (between i p.M; and 3 p.hfv) ahd decreases 
rapidly from 4 P.M. to 6 P.M. or 7 P.M. 

During by far the greater part bf the year^ there is ari interchange of air betWeen the 
hills and plains in North-Westfern India. During the day hours the movement ih the 
lower strata is from south, t. e., from the plains to the hills, and during the night hours from 
the hills to the plains, and hence from nbrtherly directions.- It is hence an alternating 
movement with tWo minima corresponding to the periods of transition from one movement 
to the other. The movement changes from down to up in the morning and from up to 
dowm late in the afternoon. The morning minimum is as a hile at hbout 8 AtM. It is 
faintly marked in the cold weather and is very clearly exhibited in the hot weather, mote 
especially in the month of May, The afternoon minimum is shown iii all months except 
the rainy season from July to September. It occurs at 5 P.M. from October to January, 
6 P‘M. in February, 7 P.M. in Match and 8 P.M. to 9 P.M; in Aprils May ahd June: Thfe 
afternoon maximum (of the intensity Of the southerly winds which occurs about 2 p.m.) is 
well marked from October to March or April. The night maximum of the intensity of the 
northerly or down winds varies very considerably, hut occurs usually shortly before sunrise 
(about 5 A.Af.Jv , 

The wind directions of stations at the foot Of the hills in the cold and hot seasons when 
the mean winds in the open Gangatic Plain are from notth-west are slightly modified in 
direction by the indraught to the inner ranges of the Himalayas during the day hours. The 
tendency due to this action is to decrease the northing of the winds during the day hours 
and hence to increase the westing. The day movement is strongest, But the night move- 
ment obtains for a considerably longer period of the day. 

The previous discussion has given the chief features of the air movement over India. 
Charts and curves in illustration will be found in Plates XLVIII (o LVl. 

In Plate Lll are given curves to show the annual variation in the velocity o^ the air 
movement at 29 stations in (ndia. ‘These curves are iriteresrihg as they show at d glance 
that the air movement m Morthem India is strongest in fh'e hot weather ihOriths, reaching 
its absolute maximum intensity- in April or May and that it is o'n the other Hand ifi'Ost 
vlgofous in the' area dominated by the Bombay soiith-'H'est monsoon ifi j’uly when the 
south-west monsoon is usuaffy strongest ahd steadiest. The great majority 6f the Ou'/Vbs 
have a sihgfe maximum and minimum, but the curves for Chift'agdiig arid Rangoo'n ha'v^^e 
a doubie maximum and minimum. The’ first maximum is in April, du'fe t6 hot fvea'th'dr 
actions, and the second ih July, when the soh'tK-wesf monsoon ifi' the' Bay Is strOrigfist. 
The curves for Madras and 'Trichihopoly also have two m'axinia and riiinifria, th’e' fifst 
maximum in May and the second in December, 

Plates Llii to' L^I gi<'e‘ cufves showifi'g the' diurrifil ■v-’anatiofi Of veloOvty a'f- stations 
fdf each of the'touf'soas'oris of the year, n'zs.-:~ ' 

(()’ JAnuary .-ind Feb'rUirrf'Vl 
(a)' SfdWirtb May’.- 
(,j) June to September.- 
(4) October to December. 
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In Plates XL VI II and.XLIX are given charts showing the mean .winds and 'mean* ' 

distribution , of pressure in the months of January, March, May, June, August, ■ October 
and December, and also for the year. These charts indicate the relations which subsist ' ' 
between the mean distribution of pressure and the mean direction of the air ^movement- - 
over India,' but throw no light on the diurnal variation of the direction or intensity of the 
air movement. ■ . . . V 

Plates L and LI give the mean winds and pressure distribution obtaining at' 8 A.m' - ' 

and 4 P.M. of the months of Januar)’’, April, July and November, and deserve careful ' 
examination. ' ■ : ’ 

The charts for January (Figs, i and 2, Plate L) represent the conditions in the -midst ' 
of the cold weather in India. Gradients are steeper at 4 P.M, than at 8 a.M; and 'are' 
associated in the interior with little change of direction of the winds but with increased 
strength and steadiness. The winds at most of the coast stations are from land direc- 
tionsat 8 A.M, On the Bombay and Madras and Bengal coasts they are at 4 P.M. almost ; 
without exception from the sea. There is hence in the coast districts during thisi period ‘ 
a more or less complete shift of wind from land to sea directions after- 8. A.M. (lisuallv 
betrveen lo A.M. and noon) followed by a return to land directions during the evening or ' 
night, at times w’hich differ considerably from day to day and from station to station. „. 

There is hence a large influx into the interior from the west during the, day hours, 
whilst there is in the interior a strong flow from Upper and Central India to West Bengal- 
and Bihar. As pressure decreases steadily and considerably during thig period there must ' 
be a very large outflow in the middle or higher atmospheric strata of which no direct, 
evidence is furnished by the ordinary meteorological observations. 

Figs. I and 2 of Plate LI gives the distribution of pressure and mean winds at 8 a.m. ; 
and 4 P.M. of July in the height of the winds. Gradients are generally steeper at 4 P.M'. 
than at 8 A. M., more especially in the western half of the Peninsula. There is little ■ 
change of direction except in the debatable area in the southern half of the Gangetic ' 
Plain. Winds are stronger and much steadier in the day at 4 P.M. than k 8 A.M. . 

The charts for April (Figs. 3 and 4 of Plate L) are of peculiar interest. ' 

The gradients at 8 A.M. are opposite in general direction to those which obtain at the 
same hour in January and are slightly smaller in amount. ' Notwithstanding this, the wind' 
directions in North-Western and Central India are roughly speaking the same in direction.', . 
The most remarkable feature is the contrast between the distribution of pressure at 4 P.Mi , 
and 8 A.M. Pressure is' nearly uniform in amount over the greater part of the interior, 
at 4 P.M., w'hilst very steep gradients obtain in the coast districts of India (but not in- 
Burma). The gradients are exceptionally steep in the west or Bombay coast districts. 
There is little change from 8 A.M. to 4 P.M. in the wind' directions on that coast, but 
winds are much stronger and steadier at the latter hour on the Madras coast. Winds shift 
considerably and blow more directly from the sea than at 8 A.M. , ' 

November is the month of greatest serenity and least air movement over. the whole 
of Northern and Central India and the North Deccan. Figs. 3 and 4, Plate LI, illustrate 
the distribution of pressure and mean winds at 8 a.m. and 4 P.M. of that month. Gradients-,, 
are slightly stdeper at 4 P.M. than at 8 A.M, but the general character of, the, distribution ■ 
of pressure is practically the same at the two hours. Hence over the whole of the interior 
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winds are somewhat steadier at 4 p.m, than at 8 a.m., hut the general direction of the air 
movement is unchanged. In the coast districts of Bombay and Madras winds shift from 
land to sea directions, and the two charts show very clearly the diurnal alternation of the 
land and sea breezes. 

It is interesting to note that while the relation between the winds and gradients is on 
the whole satisfactorily shown in charts, Figs, i to 4, Plates XLVIII and XLIX, there 
are numerous examples of the winds being apparently opposed to the gradients. This is 
more especially seen on reference to the November charts. 

The following table gives the normal wind directions at the hours of 8 a.M. and 
4 P.M. in January at selected stations in Northern and Central India, the interior of the 
Peninsula and the coast districts ; — 



Northern and Central! 
India. 


Interior op Peninsula 


Coast Districts 



Normal wind direction in 
January. 

Station. 

8 a.m. 

4 P.U. 

Jacohabad .... 

N 22 ’ E 

N 25° W 

Lahore .... 

N 8 S® W 

N 47“ W 

Roorkee .... 

N 53 ° W 

N 88 ° \V 

Jaipur 

N 6 “ E 

N 6 i° W 

Deesa 

N 56” E 

N 60° \V 

Jubbulpore . 

S 61° E 

N 14° W 

I Poona .... 

S 70® W 

N 53 ° E 

1 Nagpur . . . . 

N 13” E 

S 66° E 

i Bellary .... 

S 38“ E 

S 78° E 

\ Trichinopoly , . 

N 18° E 

N 53 ° E 

Kurrachce .... 

N 50° E 

S 69° W 

Bombay .... 

N 58° E 

N 50° W 

Kanvar .... 

N 62° E 

N 60° W 

Cochin . « . « 

N 42° E 

W 

Madias . . . . 

N 16° E 

N 61° E 

False Point .... 

N 28° W 

S 66° E 

Chittagong .... 

N 28° E 

N 85° W 

1 Akyab 

N 21° E 

N 78° W 
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The preceding data show that there isrr , ' • ' , 

(i) a marked tendency to increasing westing of the winds during.. the‘ day hoiirs . 
' ■ and decreasing westing or increased easting during the night hours in Northern 
India. • 

{2) a marked tendency to. increasing, easting in the interior of the .Peninsula during , 
the day hours, - , , 

The following gives similar, data for the, month. of April 


. . I M , . 


Normal wind direction in 
' - ■ April.' 

Area. 

Station. 

8 A,U. 

4 P.M. 

/ 

Lahore . , • . 

N 31“ E 

N 48* W. 

RoorUce .... 

' S' 60° E 

N 75® W 


Jaipur 

N 34' W 

N 6s® \V . 


Decs.i ..... 

N SSo \V 

S 75 ' W- 

NoRTnERK AND CeNTR.\L( 
India. " ' 

S.Tugor .... 

S 53° VV 

N 71” W 

Jubbiilporc . . . . 

' S 24* \V 

N 62® W 


Allahabad . . ' . . 

' N Sd® W 

N 48 ° W 


Patna ..... 

S,8i*,E 

N.: 45 “.W,. 


Hazarib.ngh . ... . 

• .S 55 ’ W 

N 57 ® W , 


Burdnan . • . 

S 2 f W , 

. S 55® ,W 


Nagpur . . . . 

N 83® W 

N 71° w ;■ 


Raipur «... 

S 56" \V 

■N 78° \V 

Interior op Peninsula 

Sholapur , ■ 

N, 45 ^^y,. 

N, 21° E 

BcIIary • « • • 

N W 

N 69° E 


Bangalore . . , , 

S 41° w 

N 82° E 


Trichnopoly . . . . 

S 34“ w 

■ S 76'’ E 


.Madras .... 

S to' W 

s 47° E 

Coast^Districts . I 

False Point ■ . . . ' 

S 38° \V 

S is” W ‘ 

Calcutta (Aliporc).. . . 

. S 25° W, , 

,S,32°.W 


Narayanganj . . 

S 10° E 

■S 2° '\V ' 


The preceding data' indicate, the very marked tendency to increased westing, of; the ' 
winds in Northernjndia and.increased easting in the eastern, half of the Peninsula during 
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the day hours. The general character of the 'diurnal variation is hence the same as in 
cold weather. 

The following gives 'corresponding data for a few stations in July indicating the 
general character of the diurnal shift of wind in the rainy season 








Nokual wind 

DIRECTION IN 







July. j 

Area. 


Station. 











S A.M. 

4 F U* 



Lahore . 


• 


S 42° E 

N 85° E 



Agra . 


• 


S 24° W 

S 68° E 

Northern and Centrai. 


Hazaribagh . 




S 4S° "W 

S63°E 

India. 


Sutna • 




S 74° W 

N 76° W 



Deesa . 



» 

S 61° W 

S 32° w 


Jubbulpore . 



• 

S 69° VV 

N 87' W 


r 

Raipur , 



• 

S 49° w 

S 73° w 

Interior of Peninsula 






L 

Akola . , 


• 


N 88° W 

N 63° W 


r 

Chittagong . 




S 36° E 

S 4° w 

Coast Districts. . 


Saugor Island 


• 

* 

S 27° W 

S 7° W 



False Point . 


• 

• 

S 59° W 

S 34° W 


The shift of wind from 8 A.M. to 4 P.M. is generally very small in amount in the 
rains. 

The following gives corresponding data for the month of November. They indicate 
a strong tendency to increased westing of the winds in Northern India and increased 
easting over the greater part of the Peninsula in the day hours ; — 




Normal wind direction in 
November. 

Area. 

Station. 

S A.M. 

4 P.M. 


Lahore • » • . 

N 5 °W 

N 52° W 


Jacobabad .... 

N 18° E 

N 47° W 

Northern and Central^ 

Jaipur ..... 

N i°\V 

N 24° W 

India. \ 

Roorkee . . . . 

S 81“ E 

N 66° W 


Patna . . . . . 

S 60° w 

N 45° W 


2 F 2 
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,, ■ 

Normal wind DlRRcriOH lit 
November. ■ . , 

Area, 

Station. 



8 A.U. 

4 P.w. ■ 

■ 1 '/ 


Pachmarhi . 




N 82® E. 

N 33® E 


Nagpur 



« 

N 21® E 

N s*® E 

Interior op Peninsula ( 

Khandwa . 



» 

N 74 ® E 

N 3 p®E. 


Akota . . 



• 

N 8p® E 

N 51® E . 


Belgaum . 




S 87' E 

N sp° E ■’ 


TricMnopoly . 




N 13® E 

N 46® e' 

/ 

Kurrachee . 




N 49 “E 

S fio® VV‘ 

Coast Districts . < 

Madras 




N i°E 

• N 35 ° E 

1 

Vizagapatam 

4 



N 21® W 

N so® E 


Falsa Point . 




N ip* W 

■ N so® E 
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CHAPTER VIII. 

Air Pressure. 

In the present chapter are given firstly the more important features of the actual or 
unresolved diurnal oscillation and secondly the more important characteristics of the 
constants (I'.e., amplitudes and epochs) of the first four components of the Besselian 
resolution of the diurnal oscillation of pressure. 

(/) Chief features of the actual or unresolved diurnal oscillation of pressure. — The 
following gives the most important characteristics of the actual (or unresolved) diurnal 
oscillation of pressure in India from the data of Tables CX to CXIII. In Plates LVII 
to LXII are given curves representing the diurnal variation of the air pressure of the four 
seasons of the year and of the whole year at thrity stations. 

The first or early morning minimum occurs oh the average of the year at 3-27 A.M. 
in Northern India and at 3-29 A.M. in the Peninsula. The mean variation in the epoch 
from these values is nearly 17 minutes in Northern India and 9 minutes in the Peninsula. 
The total or absolute range of variation is 82 minutes in Northern or Extra-Tropical 
India and 31 minutes in the Peninsula. The morning minimum is, on the whole, latest at 
the coast stations and in the Assam Valley and earliest at the most interior stations. 

The morning maximum occurs on the mean day of the year in Northern India at 
9-41 A.M. and in the Peninsula at 9-27 A. M., or considerably earlier in the latter than in 
the former case. The mean range of variation in the epoch is 7 minutes in Northern or 
Extra-Tropical India and in the Peninsula or Tropical India. The absolute variation is 
30 minutes in Northern India and 24 minutes in the Peninsula. The epoch is slightly 
earlier at the coast stations than the interior stations, but the differences are small and not 
larger than the amounts of the mean probable errors. 

The mean epoch of the afternoon minimum in Northern India is 4-32 P.M. and in 
the Peninsula 4-6 P.M., or 26 minutes earlier than in Northern India. The mean 
variation from these epochs is 24 minutes for Extra-Tropical India and 18 minutes for 
Tropical India, and the absolute range of variation 72 minutes in Extra-Tropical India and 
47 minutes in Tropical India. The epoch is also slightly earlier under similar circum- 
stances at the coast than the inland stations. 

The mean epoch of the evening maximum in Extra-Tropical India is 10-31 p.m. and 
in Tropical India 10-19 P.M., or 12 minutes earlier than in the former case. The mean 
range of variation of the epoch is 12 minutes in the formei and 10 minutes in the latter 
area and the absolute range of variation 38 minutes in both areas. This phase is slightly 
more Irregular in its occurrence than that of the morning maximum The epoch of this 
phase is slightly earlier at the coast stations than at inland stations. 

Hence we have the following general conclusions : — 

(1) The epochs of the morning and evening maxima occur earlier in the day in 
Tropical than in Extra-Tropical India, by nearly equal amounts averaging 13 minutes 
for all stations. 
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(2) The epochs of the same phases are earlier at the coast stations than' the inland 

stations by amounts differing slightly but averaging five minutes on the mean day- of the - 
year. ' ‘ ' ' 

(3) The epochs of the morning minimum are practically simultaneous over India 

and are on the average only two minutes earlier on the mean day of the year in Extra- 
Tropical than in Tropical India. The epochs of the afternoon minintum are, on the other 
hand, considerably later in Extra-Tropical than in Tropical India by amounts averaging. 
26 minutes. . . . ; 

(4) The epochs of the morning minimum occur on the whole slightly, earlier with 
increasing latitude, and those of the afternoon minimum slightly later with increasing, 
latitude on the mean day of the year. 

(5) The epochs of the morning and evening maxima and the afternoon minimurn 
generally occur earlier at the coast stations than at the neighbouring plains station's in- 
approximately the same latitude. The following table gives data of differences' for 
alternate months at five coast and the neighbouring plains stations 


Differences between the epochs of 


Month. 

Morning maximum. 

Evbnino maximum' 

Afternoon minimum... 

•) 

a 

ft 

'i . 

!’§■ 
s « 
• 5 .S 

e.c 

rt ,u 
> C 

a 

.a 

*0 

c. 

0 

§1 

Rangoon mittut 

Calcutta. 

Chittagong minus 
Calcutta. 

5 

S 

0 

u . 

9 0 

• 5 .S 

ft 

8 . 

w.l 

!:§ 

M 

Xi 

£ 

hi 

? ® 

C rj 
W(J 

cs 

s 

^ . 

I — 
Is 

*»' 

ft 

,e 

i 

0 

*1 ^ 
2.1 

a 

B g. 

sS 

■ 

•Sh 

ft 

ft 

0 

0. 

0 

tn.S 

«jC 

.5 u 

ft • 

'i. 

eS 

| 5 . 

Chittagong 

Calcutta.*. 

1 


-17 

+ 3 

— 20 

+ I 

—13 


— 10 

-FiS 

-F26 

4-10 

-34 

—14 

A 

“IS 

-12 

B 


— tl 

'+.3 

-19 

+ I 

— Tl 

-31 

-19 

— 12 

—14 

+ lo 

—45 

- 9 

-17 

+ 18 



+ 7, 

- ^ 

-23 

+11 

-13 

-18 

+ 3 

-»5 

+35 

— 10 

- 2 S 

+ 3 

-23 

+ 4 

B 


+20 

0 

-19 

— 7 

- 9 


-Flo 

—21 

- 7 

— 10 

-19 

+ 14 

— I 

- 9 



- s 

— 9 

-14 

—13 

— 16 


— 9 

+ 7 

+ 32 

+ 8 

- 3 ' 

~~ 2 

+ 3 

-14 

-17 


— 26 

— 5 

B 


— iG 


B 

+ 3 

-+ 7 

+ 3 

-36 

-15 

— 14 

- 3 



In addition to the above we have the follorving more general conclusions : — 

(1) The phases are on the mean of the year at the same local time very approxi- 

mately at all stations. The diurnal pressure oscillation is hence propagated 
across India from east to west with the velocity of the-siin’s apparent daily 
’ movement. 

(2) The previous conclusion is true not .only for the mean day of the year but for 

the mean day of each month of the year. 

The following paragraphs give a full discussion of the more important features of the 
epochs of the diurnal oscillation throughout the year. 
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('/) Early morning wiVitwitwi.r-The following table discloses some of the more 
important seasonal differences in the .epochs of. 'the early morning minimum : — 

Table CX. 


Month. 

Mean epoch of eaely 
MORNING MINIMUM JN 

Differ- 

ence. 

Extra- 
Tropical 
India, {a) 

T ropical 
India. 

(i) 

M-W 

January 

• 



• • 




• 

4-14 A.H 

3 42 A.M 

+32 Min. 

February 



« 

• • 




. 

3 -So .. 

3-37 


4-13 „ 

March 



• 

* • 





3-36 .. 

3-23 


+13 .. 

April 



• 

« • 

• 




3-12 .. 

3-13 


— I >» 

M.ay 



• 

• • 

• 




2-52 ,, 

3-1 1 


— 19 » 

June 



• 

• • 





3 - 4 .. 

3-33 


— 29 „ 

July 




« « 




. 

3-27 .. 

3-40 


—13 .. 

August 




• • 




, 

3 - 2 S 

3-38 


— 10 , 

September 



• 

• • 





3*24 tf 

3-33 


— 9 .. 

October 

• 


• 

• • 

• 




3 -t 7 .. 

3-20 


““3 *» 

November 



« 

• • 

• 




3*38 tt 

3-26 


4-12 » 

December 



• 

« « 





3 57 .. 

3-38 

It 

-ft 9 „ 

Year 

• 


• 

• • 





3-27 .> 

3-29 

ff 

— 2 It 


The preceding data, more especially those of the final column, show how closely 
related the phenomena of this feature of the diurnal oscillation are to the period of the 
day. Thus in April and October when days and nights are of practically equal length 
over the whole of India, the difference between the epochs of the early minimum in Extra- 
Tropical and Tropical India is practically nil. The epochs are, on the average, 33 
minutes later in January, and 29 minutes earlier in June in Extra-Tropical than in 
Tropical India. 

The data show that for Northern or Extra-Trophical India the minimum epoch 
occurs latest in the day in the coldest month (January) and earliest in the hottest month 
(May). The range of variation in its time of occurrence during the year in that area is 1 
hour 22 minutes. The epoch of the morning minimum is practically constant during the 
south-west monsoon months of fairly uniform temperature conditions (July to October). 


During the cold weather the early morning minimum is delayed with increasing lati- 
tude in Extra-Tropical India. The retardation is most pronounced in December and 
January. The following gives data for four stations in illustration : — 
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The variation in the epoch of the morning minimum , is slight in the Peninsula during • 
the period from November to March and the minimum' occurs - practically at. the,' same V 
instant during the period over the whole of that area. THe' following gives data in ' 
illustration : — ^ , ' , ■ , ' ' 


SrATlON. 

Epoch of the first or morning minimum. 

November. 

December. 

January. 

February. 

Marti. , 



h'. 

M. 

•H. 

M. 

H. 

■M’, 

H. M. 

H. M. 

Trichinopoly . . 


3 

43 

3 

•49 

3. 

44 

3 31 

,•3 .28 ' 

Madras . . . 

* • 

3 

31 

3 

3S 

3, 

43 

.3 . 39 

3' 26 

Bcllary . . 

• 

3 

28 

3 

30 

3 

30 

3, 25 

3 24 

Poona . . . 

• 

2 

48 

3 

26 

3 

24 

3 37 

3 is 

Bombay . . 


3 

t4 

3 

32 

3 

38 

3 . 38' 

3 32 

Belgaum . . . 

• • 

3 

9 

3 

19 

3 

32 

3 ^ '34 ’ 

3 23, 


During the period from April to October the morning minimum occurs slightly earlier - 
in Extra*Tropical India than in Tropical India, the acceleration increasing with increasing 
latitude, except over the southern half of the Peiiinsula, where' it is, as in the preceding 
period,' practically constant. • The following data illustrate these features':—' 



Station. ■ 


Epoch op the first or 

ItOBNIHC MINIMUM. 



' 

May* 

July. • 

September. 




H. M. 

H. M. ' 

H. ^'l. 

Trichinopoly . 

• * 

• « » * 

3 39 

3 41- 

3 30 

Bellary 

• • • 

• 

• • • • 

3 6 

3 43 

3 24 

Poona . ' . 

' • • • 

* « • • 

. 3’ 12 

3-42^ 

3 29 

NagP"'' • 

• • 0 

• • • * 

2 39 

3 30 

3 22 

Jaipur • • 

* ' « * 

, • • ♦ ♦ 

2 43 , 

3 19 ■ 

3 16 

Lahore '• • 

• .0 

■ • • • 

C 41 

1 

' 2 46 

,3 4 
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The following table gives approximate normal epochs of the early morning minimum 
in different latitudes in the Indian land area for each month of the year 


Monyh. 









lAr. 

N. 








1 


16“ 

2 

o” 


s 

4° 

= 


25’ 

30’ 

33" 





A. 


A, 

»!. 

A. 

M. 

A. 

M. 

A. 

M. 

i 

m 

A. 

M, 

A. 

M. 

A. 

M. 


• • 



3 

30 

3 

35 

3 

40 

3 

45 

3 

S5 

4 

5 

4 

15 

4 

IS 

4 

40 


• • 



3 

38 

3 

40 

3 

41 

3 

43 

3 

46 

3 

48 

3 

50 

3 

ss 

4 

10 


• • 



3 

=7 

3 

30 

3 

35 

3 

35 

3 

3S 

3 

40 

3 

40 

3 

40 

4 

0 

April 

• « 


4 

3 

29 

3 

16 

3 

10 

3 

6 

3 

4 

3 

2 

2 

S8 

3 

6 

3 

30 

May 

• » 



3 

30 

3 

6 

3 

0 

** 

55 

0 

50 

2 

4S 

2 

4S 

* 

41 

2 

40 

June 

« • 


ft 

3 

30 

3 

25 

3 

IS 

3 

5 

3 

3 

3 

0 

I 

5° 


40 

2 

30 

July 

• • 



3 

40 

3 

43 

3 

30 

3 

20 

3 

IS 

3 

30 

3 

20 

3 

10 

a 

50 

Auguft 

• • 



3 

35 

3 

40 

3 

30 

3 

30 

3 

30 

3 

30 

3 

30 

3 

20 

3 

10 

ScpicmbcT 

ft * 



3 

30 

3 

IS 

3 

30 

3 

30 

3 

40 

3 

30 

3 

25 

3 

JO 

3 

5 

October 

ft • 



3 

35 

3 

IS 

3 

0 

3 

15 

3 

IS 

3 

20 

3 

30 

3 

JO 

3 

5 

Novtmbtr 

ft ft 


. 

3 

45 

3 

30 

3 

20 

3 

IS 

3 

20 

3 

IS 

3 

40 

3 

45 

3 

5° 

Dectrobtr 

ft ft 



3 

so 

3 

40 

3 

30 

3 

30 

3 

40 

3 

50 

3 

55 

4 

10 

4 

IS 


The early morning minimum is retarded at stations on the crests of mountain ridges 
when compared with plain stations in the same latitudes. The following gives data in 
illustration for the three hill stations of .Agustia, Simla and-Pachmarhi and the neighbour- 
ing low level stations 


MOKTIl. 

i*fivAni!rurti> 

VatVmarM rstnwj 
ft'ean c( N’ajpur 
anti Jubbulporc. 

Simla minus 
mean of Lahore 
Anti Rooikee. 

J.anuary 

ft ft ft 



Min. 

S 

Min. 

31 

Min. 

30 

February 

ft • ft 

• 


14 

13 

6 

March . 

• ft * 

ft 


13 

<5 

33 

April , 


« 


7 

20 

S“ 

May 

ft ft 



-I 

14 

46 

June . 

• ft ft 

ft 

. 

-13 

u 

6t 

July 

ft ft ft 

ft 

ft 

9 

12 

61 

August . 

ft • • 

ft 


5 

— a 

2 

September 

« ft ft 

ft 


4 

*3 

30 

October 

• • • 

ft 

. 

13 

30 

SO 

November 

ft ft ft 

ft 

ft 

5 

I? 

37 

December 

ft ft • 

ft 

• 

-V t 

30 

21 


Meik op year 

ft 

5 

18 

37 


The retardation (indicated by the positive sign in the preceding table) is small in 
amount for Agustia and is large for Simla where it averages 37 minutes for the year. 
It is greater, as a rule, during the dry than the wet season. There arc however irregulari- 
ties in the differences which are, if real, difficult of explanation. 

2 G 
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The early morning minimum is generally retarded at stations in mountain valleys. 
The following gives data for the stations of Sibsagar, Goa'para and Srinagar (the positive 
sign indicating retardation) : — 


Month. 

Stbsa^r mttiuf 
mean of Allahabad 
and Fatna 

Goalpara minus 
mean of Allahabad 
and Fatna. 

Sfjnag^ar minus 
1-ahote. 

January ..... 

Min. 

3 

Mm. 

26 

Mm 

Frbruiry . . « * * 

9 

9 

-24 

March •••••• 

19 

17 

—12 

April « * • « • * 

41 

10 

-6 

May 

4C 

-18 

59 

Juno ...... 

18 

»s 

57 

July ...... 

— 9 

«4 

5 J 

August ...... 

—29 

19 

16 

September .... 

8 

18 

22 

October * • • • 

27 

28 

40 

Norember 

»S 

52 

14 

December 

16 

47 

59 

Mban or YPAn 

14 

30 

16 


The epoch is generally earlier at the coast stations than the interior stations in the 
same latitude. The following gives variation data (difference of epochs at the coast 
stations and the normal latitude epochs in the same latitude given in the table in page 247) 
for several coast stations, a plus sign indicating acceleration and a iiegaiwe sign retarda- 
tion of the epoch ; — 
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The earl}' morning minimum occurs earlier than the normal at Madras and Aden 
during practically the whole year, and at Kurrachee from September to January. It is, on 
the other hand, considerably delayed at Chittagong. The differences are large at Aden 
and Chittagong and opposite in character, thus showing the important influence due to local 
conditions. 

There are some local variations from these general conclusions, more especially at 
the following stations : Calcutta,' Cuttack, "Belgaum, Poona and De^sa. 

The following shows the variations from the normal latitude epochs at these stations, 
the minus sign prefixed to the amount denotes that the epoch is earlier, and plus sign 
that it occurs later than the normal epoch : — 


- 

Station. 


Variation prom the normal latitude epoch. 

January. 

March. 

May. 

July. 

September. 

November. 





Min. 

Mm. 

Min. 

Min. 

Min. 

Min. 

Cutt. 2 ck 

• 


. ' • 

— 4 

— I 

+ 25 

+ J 2 

+ 10 

+ 15 

Calcutta 

• 



+21 

-to 

+ 19 

+38 

•f 7 

■f 27 

Belgaum 

• • 


• 

— 3 

mm 

— 12 

+ 4 

- 5 

-at 

Deesa 

• 


. 

-32 


"*19 

+ 5 

-3C 

— 5 

Poona 

• 


• 

4 


•l-to 

+ 7 

+ t 

-36 


The preceding data indicate that the morning minimum epoch is retarded during 
the greater part of the year at Cuttack and Calcutta. It is, on the other hand, generally 
accelerated at the stations of Deesa, Poona and Belgaum, the acceleration being most 
marked in the dry season. 

■The following is a summary of the results established above; — 

[r) The early morning vitnimum cccurs at practically the same instant on the mean of the 
year over India. 

{2I It occurs at the same instant in April and October over the ■xhole of India, and is earlier 
in Extra-Tropical India than in Tropical India from April to October and later dwing the 
remainder of the year, the greatest retardation occurring in January and the greatest acceleration 
in June, the periods of shortest and longest days in Northern India. 

(y) The epoch of the early morning minimum is delayed or retarded soilh increasing latitude 
in Extra-Tropical India from November to March and is accelerated with increasing latitude 
during the remainder of the year. 

(f) The early morning minimum is earlier, as a rule, at the coast stations as compared soith 
inland stations in the same latitudes. 

(5) The morning minimum is delayed at stations on the crest of hills, the retardation appa- 
rently increasing with latitude and being very large in the Western 'Himalayas [perhaps oxving 
to special air movements) . 

if) The morning minimum is generally retarded at stations in valleys, more especially in high 
and deep mountain valleys. • „ 

(7) It is accelerated at Deesa, Poona and Belgaum, due to peculiarities of position with respect 
to local air movements, and is retarded at Cuttack and Calcutta, the variations being generally 
greatest in the dry season. 


s 


2 0 2 
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{2) The morning maximum . — The following gives the mean monthly epochs of the 
morning maximum in Tropical and Extra -Tropical India : — ' 


Table CXI. 




Mouth. 




Mean Epoch op morning maximum in 






Eilrft'Tfopical 

India, 

Tropical India. 

DifFcrence 


January . 


• « 




9-48 A.M. 

. 9-34 A M. 

14 MIcI. 

February 


• • 




9-57 .. 

9-41 .. 

16 „ 

March 


• « 




9-47 .. 

9-31 .. 

ifi 

April 


* • 




9-39 .. 

9-25 .. 

14 >• 

May 






9-34 

9 -t 7 .. 

17 .. 

June . 






9-27 .. 

9 - 18 „ 

9 1. 

July . . 






9-38 .. 

9-33 .. 

5 ** 

August . 


• « 




9-41 .. 

9-36 .. 

S If' 

September 


• * 




9-38 

9-27 .. : 

” .. 

October . 


« * 




g-30 .. 

9-lS „ 

12 „ \ 

November 


• « 




9-33 .. 

9 J 9 .. 

14 >, 

December, 


• • 




9-42 

9-26 „ 

16 „ 

Year. 


< « 




9-41 » 

9-27 .. 

14 .. 


The mean epoch of the morning maximum in Tropical India is 9-27 A.M. and the’ 
mean range of variation during the year, as given by the monthly mean epochs, 24 minutes. 

The mean epoch of the morning maximum in Extra-Tropical India is 9-41 A.M, 
and the monthly range of variation 30 minutes, or only one-third of the variation 
of the epoch of the early morning minimum during the year in that area. The morn- 
ing maximum is later in Extra-Tropical than in Tropical India throughout the whole }'ear. 
The differences are almost constant in amount throughout the period from November to 
May, averaging 15 minutes, and are slightly less during the remainder of the year, der 
creasing to 5 minutes in the height of the rains. 

The data of the preceding table also show clearly that the morning maximum occurs 
slightly later over the whole of India in the cold weather than in the hot weather and the 
rains. It is earliest in June in Extra-Tropical India and in May in Tropical India. It 
is also slightly earlier over the whole area in October than in the preceding months of. 
July, August, September and also the succeeding months of November and December. 

The data also establish that the maximum epoch is earlier in Tropical than in 
Extra-Tropical India. In the former area it occurs after the mean epoch of the year from 
January to March and in July and August, and in Extra-Tropical India from December to 
March. The retardation is greater in Extra-Tropical than in Tropical India, and' the 
differences between the mean epochs range between five minutes in July and August and 
1 7 minutes in May. 
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It may also be noted that this epoch is practically constant during the greater 
part of the year at stations in the Peninsula, The following gives data for five 
stations : — 


Stmion. 


Epoch of morning maximum 

OF PRESSURE IH 

January. 

May. 

July. 

October, 






H. 

M. 

H. 

M. 

H 

M. 


Trivandrum 

« • * 



• • 

9 

17 

9 

22 

9 

30 

9 3 

Trichinopoly 

• • » 

1 


• 

9 

34 

9 

IS 

9 

10 

9 18 

Madras > 

• • • 

% 



9 

37 

9 

8 

9 

10 

9 10 

Bellary 

. 

• 


. 

9 

38 

9 

26 

9 

30 

9 26 

Belgaum 

• • • 



» • 

9 

27 

9 

14 

9 

27 

9 20 


The data for stations in Northern India indicate clearly that high temperature and 
large diurnal range of temperature are associated with early epochs. This is shown by the 
following data for seven stations in Extra-Tropical India : — 


Station. 



Epoch or 

MORNING 

MAXIMUM 

OF PRESSURE IN 



■ 

January, 

May. 

June. 

July. 

August, 

October. 




H. 

M. 

H. 

M. 

H. 

M. 

H. 

M. 

H. 

M. 

H. 

M. 

Deesa • 



9 

42 

9 

1 

• 8 

57 

9 

28 

9 

28 

9 

16 

Patna . • • 



9 

37 ■ 

9 

22 

9 

20 

9 

49 

9 

44 

9 

26 

Allahabad 



9 

47 

9 

37 

9 

12 

9 

44 

9 

S8 

9 

29 

Jaipur , . • 


. 

9 

50. 

9 

40 

9 

26 

9 

37 

9 

40 

9 

30 

Lucknow . • 



9 

58 

9 

37 

9 

38 

9 

36 

9 

51 

9 

34 

RoorVee . . • • 



10 

2 

9 

45 

9 

26 

9 

S6 

10 

8 

9 

42 

Lahore • . • • 



lO 

8 

10 

2 

9 

41 

9 

.35 

9 

42 

9 

46 


The data also show that the morning maximum, as the morning minimum, is delayed 
with increasing latitude in Extra-Tropical India from November to March (the retardation 
being greatest in February). It is, on the other hand, retarded in the rainy season in 
' the areas of heavy rainfall and is earliest during that season in the hot and compara- 
tively dry area of North-Western India, and is actually earliest at Deesa in June and at 
Lahore in July. 





















2£2 DISCUSSION OF:-T,HE' HESULTS; OF. the: HOURLY- OBSERVATIONS 


The {ollo\ying table gives- approximate normal epochs: of the morning maximum'in- 
different latitudes in the Indian land'area for each month-of'theiyear: — ; ,, , 


- 

Mouth. 



Lat. N. ■ ■ ■ ■ . ' 

' 13 ° 

1 ( 5 ® 

20° 

32 ° 

B 

B 


30° 

3 :r 





A.M. 

A-M- 

A.M, 

A.M. 

A.M. 

A.M. 

A M. ‘ 

A M. 

<A.M. 

January . 

• 



9 35 

9 40 

9 40 

9 40 

9 40 

9 45 

9 55 

10 0 

'10,10. 

Febniary . 

• * 



9 35- 

9 40 

9 45 

9 45 

9 so 

9 55 

io 0 

to IS ‘ 

1033- 

March • 

« • 



9 3° 

9 35 

9 35 

9 40 

9 42 

9 45 

9 52 

10 5 

TO 10 

April 

• • 



9 =3 

9 30 

9 30 

9 35 

9 35 

. 9 35 

9 40 

9 SO- 

'I0‘ 0'» 

May, 

• ■ 



9 15 

9 IS 

9 15 

9 IS 

9 25 

9 35 

9 35 

9,45'- 

10 0 

June 

• « 


• 

9 10 

9 20 

9 20 

9 25 

9 25 

9 25 

9 30 

9 35 

:9 4t>'- 

ju'y 

• ■ 


• 

9 10 

9 3° 

9 40 

9 45 

9 so 

,9 SO 

9 45 

'9 40 

' 9 40 ' 

August . 

^ r 

• • 


« 

9 iS 

9 24 

9 40 

9 45 

9 50 

9 SO 

9 45 

9 45 

■94S-' 

September 

• • 


* 

9 20 

9 25 

9 27 

9 30 

9 30 

9 30 

9 35- 

9 45 

9SS, 

October . 

• • 


« 

9 IS 

9 20 

9 21 

9 25 

9 30 

9 30 , 

9 35 

9 40 

9 45 

November 

• • 


• 

9 20 

9 25 

9 25 

f9 25 

9 28 - • 

9 30 . 

9 40 

9 55 

'9' SO 

December 

• • 



9 3° 

9 35- 

9 40, 

9 40. 

9 40 ■ 

9 40 . 

9 50 • 

10 . 0 

10 S' 


The following give the more important local peculiarities in the occurrence of the 
early morning maximum, 

(i) The epoch of the morning max'imum is accelerated locally at the stations of 
Deesa, Poona and Belgaum. 

The following gives data in illustration : — - 


Month. 

Accblbration of epoch from normal at 

' Belgaum. 

Poona. 

Deesa.' 

January 





13 

21 - 

— 2 

February 

• 




6 

17 

3 

March 





5 

17 

4 

April 


« 


• 

10 

26 

12 ' 

May 

• • 

• 


. 

1 

16 

24 

June 

• 

• 


• 

4 

12 

28 

July . 

• • 




3 

‘—12 

22 

August 

• • 


« 


—18 

8 

' 22 

September 




. 

— 8 

4 . 

3 

October 





0 

16 

14 . 

Isovcmher 

• 




13 . 

22 

,12 

December 





17 , 

24 

7 • 



M EAN. 

- 4 

. 4 

' 14 

12 
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The acceleration is greatest in the dry season, the period of land and sea breezes on 
the West Coast, and is leastinthe wet season, when it is practically nil. 

(a) The epoch of the morning maximum is generally accelerated at valley stations, 
as is shown by the following data : — 


Mouth. 

Accelekation of epoch from normal at 


Ho^lpar^. 

Leh. 

Srinagar. 

January 

J3 

2 

3« 

—24 

February ..... 

»5 

*7 

52 

1 

At&rch • • * • • • 


28 

42 

12 * 

April 


10 

55 

0 



8 

86 

50 

June ...... 


—II 

66 

46 

July 

lO 

>9 

63 

23 

August ...... 

It 

to 

61 

34 

September • « « • * 

1 

— 6 

53 

26 

October ..... 

s 

— 3 

34 

as 

November 

6 

— 6 

28 

4 

December ..... 

iS 

to 

28 

— 8 

Me.W or YEAR 

9 

6 

50 

»7 


The acceleration is moderate at the Assam Valley stations, averaging 8 minutes on 
the mean of the year and is large at Srinagar and Leh, averaging 50 minutes at the 
latter station. 

(3) The epoch of the morning maximum is slightly accelerated at the coast 
stations as compared with the interior stations. The following gives 
comparative data for six pairs of stations (the positive sign indicating 
acceleration : — 


Month. 

Mcarj of 
Patna and 
Allahabad 
minus 
Chittagong. 

Mean of 
Tflchincpoly 
and Bolgaum 
minus 
Aden. 

Trichinepoly 

minus 

Madras. 

AUahaliad 

nii'niis 

Kurrachcc. 

Calcutta 

minus 

Chittagong. 

Trichinopoly 

minus 

Trivandrum. 


Min. 

Min. 

Min. 

Min. 


Min. 

Jamuary . . ... 

— 7 

+ I 

- 3 

+ 10 

Hi 

+ 17 

February ..... 

— 4 

+ 3 

- 3 

+ 9 


+ 14 

March ... . . . 

— 9 

—18 

— 3 

— 1 

— : 

+11 

April . . ... 

— 22 

-25 

+ 7 

+■ I 

-13 

+ 3 

May 

—24 

—20 

+ 7 

+ 10 

— n 

- 7 
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^The following, is a summary of the results obtained in the preceding discussion 

oj the morning maximum is later in all months in Extra-Tropical than in 
1 roptcal India by amounts averaging 14 minutes for the whole year. 

(2) The retardation is small in amount during the rams, averaging 7 minutes from June 
to September and is nearly constant ut amount from November to May averaging 15 minutes. 

absolute range of variation of the epoch of the morning maximum is much smaller 
ikatt that of the tnortitng miniinum» 


{4) The epoch is slightly later than the mean in both Extra-Tropical and Tropical India in the 

cold weather season from December to March, the retardation being slightly more marked in the 

former than the latter area. The epochs are earliest in May or June and again in October and 
November. There ts a slight retardation in both areas during the rainy season in July and August, 
as marked in Tropical as in Extra-Tropical India. 


(5) The epoch of the morning maximum varies very slightly with latitude in Tropical India. 
It IS delayed with increasing latitude in Extra-Tropical India from November to March {the 
retardation being greatest tn February'^ and is slightly accelerated with increasing latitude from 
April to October. 

'[ 6 ) The epoch of the morning maximum ts slightly earlier in the’coast than in the interior 
districts. 

(?) slightly earlier in valleys, more especially high and deep mountain valleys. 

(S) It is considerably retarded on the crests of mountain ridges. 

(p) U is locally accelerated at the following stations — Poona, Belgaum, Deesa and Cuttack, 

{3) Afternoon minimum . — ^The following table gives the mean hour of its occurrence 
in each month of the year in Extra-Tropical and Tropical India.-— 


Table CXII. 









Mban epoch o» afternoon 

MINIMUM IK 







Extra-Tropical 
India, (a). 

Tropical India. 
(W 

Difference 

(a)- 

J anuary 

• 

m 


« 


• 

3-54 r.M. 

3-50 P.M. 

4 Mm. 

February 

• 

* 

« 


• 


• 

4-17 » 

4-10 » 

7 .. 

March . 

« 

■ 





4-31 .. 

4-21 » 

10 „ 

April 


• 

• 

• 



4-47 .. 

4-26 „ 

21 „ 

May , 


• 

• 

• 



5-1 .. 

4-25 » 

36 » 

June 


« 

• 




5-1 .. 

4-24 i> 

37 >. 

July . 







4'54 »i 

4-26 » 

28 „ 

August . 


• 





4-.t7 1 . 

4-22 „ 

25 » 

September 



« 




4*^3 it 

3-S7 .. 

26 „ 

October 



• 




4-7 « 

3-43 .. 

24 ll 

November 







3-49 1 . 

3-42 

7 .. 

December 


• 


« 


• 

3-50 •• 

3-39 » 

u 

Year , 



• 

• 


• 

4-3» » 

4-6 ■> 

26 „ 


The preceding data establish that the afternoon minimum is later in the day through- 
out the year in Extra-Tropical India than in Tropical India. It occurs on the mean 

2 H 
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day of the year at 4-32 P.M. in Extra-Tropical India and at 4-6 pm . in Tropical India/ ' 
a difference of 26 minutes. The difference is least in the month of January or in' the • 
height of tlie cold weather, when it is only four minutes. It increases steadily until June 

when it averages 37 minutes. ^ ^ ^ . ‘ , 

The afternoon minimum occurs earliest in the day in December over nearly the : 
whole of India and latest in May or June in Extra-Tropical India, and, from April to July . 
(during which period it is practically constant) in Tropical Tiidia. The annual range of ' 
the epoch in the former area is i hour 12 minutes and in the latter 47 minutes. 

It generally occurs slightly later w'ith increasing latitude in Extra-Tropical India, 
from October to March or April. The following gives data for six stations : — 


Sr/iTiON. 


Epoch of aftbrn'oon 

MINIMUM 

OF PRESSURC IN 


November. 

December. 

January. 

February. 

March. 


' 





H. 

M. 

H. 

■ M. 

. H. 

M. 

H. 

M. • 

H. 

M. 

Nagpur • 

4 • 

• 



■ 

15 

37 

15 , 

SO 

26 

0 

16 

19 

16 , 

. 31 ■ 

Jubbulpore . 


• 




15 

50 

,15 

54 


XI 

16 

17 

j 6 

-sC 

Jaipur . . 

» • 

• 




*5 

36 

IS 

45 

IS 

39 

16 

17 

16 

.3' 

Allahabad . 

• • 

• 




IS 

40 

>5 

44 

IS 

S3 

16 

20 

16 

39. 

Roorkee . 

• • 

* 




IS 

S2 

16 

3 

IS 

54 

16 

9 

16 

■<'? 

Lahore . 

■ 




• 

IS 

56 

16 

23 

16 

12 

16 

36 ' 

16 

48 


The variation of the epoch from month to month at stations in Tropical India is 
generally small in amount, but irregular in character. 

In Extra-Tropical India the variation with latitude is somewhat irregularand is largish 
in amount from May to October, as is shown by the following data: — 


Station. 



Epoch of afternoon minimum 

OF PRESSURE 

IN 



May. 

HjH 

July. 

■ 

August 

September. 

October. 




H. 

M. 

H. 

Mi 

H. 

M. 

H. 

M. 

n. 

M. 

H. - 

M. 

Nagpur . 


. 

j 6 

33 

16 

41 

16 

4 S 

26 

*5 

IS 

57 

IS 

44 , 

Jubbulpore 

. 

• 

16 

38 

16 

13 

16 

27 

16 

32 

16 

9 

16 

' 0 

Allahabad . . 



«7 

9 

16 

53 

16 

45 

16 

45 

16 

SS 

16 

7 

Jaipur . 



16 

36 

17 

16 

16 

S 7 

16 

4 » 

i 6 

2 S 

26 

3 ' 

Lahore 

■ 

• 

17 

19 

17 

33 

17 

34 

17 

24 

, 16 

44 

16 

33 


There is a fairly well-marked tendency to retardation or delay of. the epoch during 
this period with increasing latitude. 
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The following table gives approximate normal epochs of the afternoon minimum 


Month. 

l.ATITUDn N. 

u 



H 

33^ 

3^ 

0 

= 0 ’ 

2 S’ 

30 '’ 

as' 




p. 

M. 

p. 

M. 

P. M. 

P.M. 

P. 

M. 

P. 

M, 

P. 

M. 

P. M. 

P. M. 

Jsnuorj . 



3 

S3 

4 

0 

4 5 

4 10 

4 

S 

4 

0 

4 

0 

3 55 

4 10 

I'tbruarj- . , 



4- 

10 

4 

IS 

4 ao 


4 

33 

4 

24 

4 

36 

4 30 

4 35 

M.-.rch . 



A 

15 

4 

as 

4 30 


4 

34 

4 

37 

4 

40 

4 43 

4 45 

Apr:! 



4 

30 

4 

30 

4 35 

4 40 

4 

45 

4 

50 

4 

55 

5 0 

S 5 

.\!jy . . . 



4 

30 

4 

30 

4 35 

4 40 

s 

0 

S 

S 

5 

10 

s 15 

5 ao 

June 



4 

33 

4 

35 

4 40 

4 45 

4 

50 

5 

0 

5 

10 

5 20 

s 30 

JuH- 



4 

10 

4 

15 

4 25 

4 35 

4 

40 

4 

45 

4 

55 

S 15 

s 30 

August . 



4 

S 

4 

as 

4 -5 

4 30 

4 

35 

4 

40 

4 

SO 

5 5 

5 ao 

Ssp’.embtr 



4 

o 

4 

S 

4 5 

4 10 

4 

15 

4 

25 

4 

35 

4 40 

4 45 

OcKiVr . 


. 

3 

45 

3 

4S 

3 45 

4 0 

4 

5 

4 

5 

4 

10 

4 15 

4 30 

Noveir.bir 



3 

43 

3 

45 

3 50 

3 ss 

3 

SO 

3 

50 

4 

0 

4 0 

4 0 

Dtcembrr . 

• 


S 

45 

3 

45 

3 so 

3 55 

3 

SO 

3 

50 

3 

55 

4 5 

4 30 


There are certain local peculiarities in the occurrence of the epoch of the afternoon 
minimum which deserve notice. The first case is that of the stations of Bclgaum, Poona 
and Deesa, at which stations it is accelerated by the amounts shown in the following 


table : — 




llosm. 




AuauMT or ACctctBATion nr rtocii or AWte- 
s;toK MiKiMUu or i-artsuac raou 

JJuBWAI. or lATlTUIir. at 









PoOM* 

neera. 

J.ir.u.iry . 






• 

Min. 

26 

Min. 

33 

Min. 

26 

February . 





« 

• 

33 

*3 

16 

March . 







aS 

24 

30 

A pril 





« 


27 

37 

41 

May 







*7 

34 

IS 

Jure 





• 

• 

30 

32 

1 

July . 


» 


p 


* 

,0 

—0 

— n 

August • 


• 



» 


IS 

-3 

-3 

Stpiember 






• 

37 

35 

7 

October . 


• 




* 

33 

18 

31 

November 


« 



* 

« 

31 

10 

«3 

December 


• 


* 


• 

5 

>7 

8 

Mean . 


• 




« 

23 

30 

«4 




















DISCUSSION OF THE RESULTS OF THE HOURLY, 0BSE,RVAT;0NS 


Whence in virtue of local peculiarities the ' afternoon minimum is; accelerated about 
23 minutes at Belgaum, 20 minutes at Poona and 14 minutes at Deesa. The accelera •' 
tion is at Belgaum and Poona greatest in the cold and hot weather seasons arid least ih' 
the height of the rainy season (July and August). - ' 

The second case is that of Leh, Srinagar, Sibsagar and Goalpara, where the afternoon 
minimum appears to be accelerated by their position in valleys:— 



Month. 

January . . 



February , . 



March . 



April 



May 



June 



July • • 


• 

August . , 


• 

Scplember. 


« 

October . . 



November. . 



December • 



Mean op yeiiu 



Approximate AMOUNT or acceleration of epoch op afternoon 

- MINIMUM OF PRESSURE AT ' . ‘ 


Leh. , I Goalpara. | Sibsagar* ' | « Snnag^r 



The acceleration is very strongly marked at Leh in the deep Upper Indus Valley . 
and at Srinagar in the Kashmir Valley. It is shown at Sibsagar and Goalpara during the 
period January to April, and is slightly greater in amount at the former than the latter 
station. 

The third case is that of certain coast stations where a comparison with the neigh- 
bouring inland stations shows that there is a slight to moderate acceleration of the 
afternoon minimum due to their position. , 

The following table gives a comparison for the four coast stations of Trivandrum, 
Madras, Kurrachee and Chittagong tvith the nearest inland stations, a minus sign 

prefixed to the figures denoting that the afternoon minimum occurs earlier, at the coast 

stations than the inland stations, and a positive sign that it occurs later 



Difference beiwecn the epochs of afpeenoon minihcm of 

PRESSURE. . ■ . ‘ ■ 


January 

February 

March 

April 

.May 



! Kurracljce 
minus 
Deesa. 

Karrachcc 
minus ' 
Jaipur. 

Kurracliee 

minus 

Agra. 

Kiirracbec 
minus 
Lahore. ^ 

Min, 


Min. 

Min. 

— 6 

— 7 

-28 .. 

■ —40 

+ 2 

. — 9 . 


■ -28 

■ + I 

—26 . 

—34 

-43 

' -»-23 

1 

, —35 • 


' . + 3- i 

' +'3 1 

',•^3 ' 

“3° 1 
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Moxtii. 

Differencc detween the epochs op afternoon minimum op 

PRESSURE, 

Trivandrum 

Trichinopoly, 

HI 

Kurrach<te 

rtinws 

Deesa. 

Kurrachee 

iriiyiiis 

Jaipur. 

Kurrachee 

Tfimus 

Agra. 

Kurrachee 

minus 

Lahore. 



' 

Min. 

Mtn 

Min. 

Min. 

Min 

Min. 

Min. 

Siji 

June . . . . 

—30 

+ >5 

-4 

—30 

-38 

-46 

+ 19 


July . . . . 

—19 

+14 

—30 

—25 

—37 

— 62 

- 9 


August 

—33 

+ 35 

— JO 

—33 

-36 

-55 

-8 


September . , . 

—31 

— 3 

— I 

— 37 

—47 

—35 

-14 


October 

— 3 t 

— 6 

— 7 

—25 

-34 

—56 

— I 


November , , 

— 6 

-35 

—10 

— 9 

-38 

—29 



December . , 

—32 

—31 

—35 

— S 

—24 

-56 


—19 

Me»S of TEIR 

—32 

— 3 

— 4 

-.6 

-32 

—43 

Q 



Whence during the greater part of the year the epoch is earlier at the coast than 
the inland stations in the same latitude and under similar conditions. The exceptions 
appear to occur in the hot weather and rains, when the differences are very small, due 
probably to the veiy slight contrast between sea and inland temperature conditions in India. 

The last case is that of the hill station of Agustia, situated on the crest of the 
Travancore hills, where the afternoon minimum occurs considerably later than at the 
neighbouring low-level stations. The same feature is exhibited at Pachmarhi and Simla 
daring a part of the year. 

The following gives comparative data in illustration (the positive sign indicating 
delay) 







OiPFCRSNCB nmvrRH the epochs or apteknoon 

MINIMUM or PBESSUKf'. 


Month. 




Apniiw minuf 
Trivandrum. 

Simla fnintis 
mean rjf Lahore 
and l^uikee. 

Pachmarhi niinux 
mean of Jubbul- 
pore and Sa;;pur. 

Jaru.2ry 





Min. 

+ 18 

Min. 

— 9 

Min. 

-29 

Febru.nry 





+35 

+ 37 

-16 

March . 





+44 

-«5 

— JO 

April 





+2C 

- 7 

+ 3 

May . 





+ 9 

+ 9 

+ •4 

June 





4-13 

0 

+ 12 

July . 





+31 

-’3 

+ 8 

August . 





+3* 

— t2 

+ 7 

September 

• • « 




+47 

+ 7 

+ 7 

October . 





+30 

— 26 

— 3 

November 

. • 




+35 

+ 8 

— 2 

December 

. 




4- S 

-13 

-23 


Mfan 

OP 

YEIR 


+26 

—3 

— 3 
























26 o discussion of the results of the hourly observations 

The minus sign in the preceding table indicates that the epoch occurs earlier at the ' 
hill stations in question than at the neighbouring plain stations. ■ The retardation; is very ' • 
marked at Agustia. At Simla and Pachmarhi the epoch is generally accelerated during 

the dry season and delayed in the damp season. '• \ 

The following is a summary of the results of the preceding discussion : — 

(/) The ajlernooit minimum iccurs later in all months in Extra-Tropical than in Tropical 
India. The rciardaiion averages an the mean of ike year s6 minutes. It is least injamiary. 
sohcn it is only 4 minutes and is greatest in June when it is 31 minutes. • ■ ■! r,. 

(2) The afternoon minimum occurs earliest in the day over the whole of India, in Decemkr • 
and latest in May and fune. In Tropical India the epoch' ranges from j-gp P.sr. in December- to ; 
4-23 P.M. in the period April to fitly sohen it is constant. In Extra-Tropical India it'rangei.' 
from 3-30 P.M. in November and December to S-t P.st. in May and fane. The epoch is' hence, 
considerably retarded during the period of increasing temperature from January to, April or May,' 
is fairly constant during the period June to September and is considerably accelerated duringtkey 
period of decreasing temperature from September to December- 

[3) It is slightly retarded with increasing latitude in Extra-Tropical India from October to \ 

March or April and is considerably retarded during the-remaindcr of the year, ' •; <■ • 

[4') The afternoon minimum is considerably accelerated at Poona, Deesa and Belgaim. This' 
acceleration is greatest in actual amount in the period from January to May and is slight during, 
the rains. ‘ • 

{3) It is also accelerated at stations in valleys and more especially in high and deep ntoitn- ' , 
tain valleys [e.g., Leh and Srinagar). , ■ . 

(d) It is also slightly accelerated at the coast stations as compared with the interior .stations 
i» similar latitudes. , • ,'i .. .. 

(y) It is, on the other hand, retarded at high stations situated on the crest or ridges of mountains. " 
The retardation is very marked at Agustia, but is very slightly and doubtfully exhibited at Sintla 
and Pachmarhi ,■ ■ - 

(8) Hence the epoch of the afternoon minimum is as variable as thalof the morning minimum, 
and the periods of its earliest and latest occurrence are also practically simultaneous. The epoch 
of the afternoon minimum is latest when that of the morning minimum is earliest, and vice versi.\ 
{4) Evening maxiinuiii , — The following gives the mean epochs of the evening 
maximum for each month of the year in Extra-Tropical and Tropical India ; — 

Table CXIII. 








Mean cpoch op bvenikg 

MAXIMUM IN 

Difference, 

* 



Mo.vrn. 




Extra-Tropical 

India. 

(0) , 

T ropjeal 
India. 

Kh) 

January . 

- 




. 

10*1 1 P.M. 

10-14 J’-M* 

— 3 MIh-.- 

I'cbrnary 





• 

10-32 „ 

10-28 „ 

4 i> 

March . 





V 

m-37 .. 

. 10-29 » 

" 8 „ . 

April 






'0-33 » 

10-26 „ 

9 ‘ ' 

May 





■ 

10-38 „ 

10-39 .» 


June 






10-47 •• 

10.26 • ' 

21 ' 

J«iy . 






ro-47 . » 

■ 10-26 „ 

21 » 

August . 






10-38 ' 

10-21 „ 

17' 

September 






■ro-34 „ 

'O-IJ „ 

19 .. 

October 


• • 




10-13 ., 

10-3 .. 

. . >0 m' 

November 






10- 9 „ 

.. 10- I „ 

, 8 , 

December 


• • 


. ^ 


. 10-12 „ ■ 

10- 7 „ ’ 

5 » 

Year 

3 

• • 


• 

• 

10-31 „ 

J0'i9 ' 

.,12 ... 
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The epoch o{ this phase in Extra -Tropical India is earliest from October to January 
(when it is practically constant) and latest in June and July. The range of variation during 
the year is 38 minutes, and is hence slightly greater than that of the morning maximum. 

The monthly differences between the mean epochs in Extra-Tropical and Tropical 
India are small from October to May, averaging only five minutes. They are neatly 
constant in amount from June to September, averaging twenty minutes. 

The evening maximum in Tropical India, as the afternoon minimum, occurs earliest in 
the day during the cold weather (from October to January) and latest in the month of May. 

The following table gives approximate normal epochs of the evening maximm for 
each month of the year in different latitudes in India *. — 


Momth. 

bar. N. 1 

S’ 

13 ’ 

16’ 


i 3 ’ 

34 ° 

26’ 

3S’ 

30'’ 

0 




r. M. 

P. M. 

r. M. 

P. M. 

Bi 

P. M. 

P. M. 

P. M. 

P. M, 

■ 

JnraaTV 



to 5 

10 10 

10 15 

to to 

191 

10 10 

10 10 

lO 10 

10 10 

10 20 

February 



lo 10 

10 30 

to 35 

IB 

MB 

to 30 

JO 35 

to 35 

10 40 

to 45 

M.arch 



10 5 

10 30 

10 ^0 

lli 

10 35 

to 35 

to 43 

JO 35 

to 30 

to so 

Apnl 



to S 

10 20 

to 30 

III 

\o 40 

to 4 S 

10 40 

to 30 

to 35 

10 40 

May . 

• • 


10 0 

10 IS 

to 30 

to 3 S 

to 45 

to 47 

to 50 

10 so 

to 45 

to 45 

June , 

• • 


lo 0 

10 20 

to 3S 

10 30 

to 3 S 

lo 40 

10 50 

n 0 

u lo 

tt ts 

July . 

• « 


to s 

10 20 

to 30 

to 3 S 

10 40 

to 40 

to 45 

to 50 

tt 5 

It 20 

August 

• • 


10 0 

to as 

Jo 30 

to 35 

to 35 

10 40 

to 40 

to 45 

10 50 

n 0 

September 

• • 

« 

10 0 

10 20 

to as 

10 30 

to 32 

to 30 

10 40 

to 45 

to ss 

to ss 

October 

« t 

* 

9 s° 

10 0 

lo ts 

to ts 

to ts 

to IS 

to 20 

10 IS 

to 20 

to IS 

November 

• # 

• 

9 40 

9 ss 

10 0 

to 0 

to 0 

9 55 

9 55 

to 0 

to 10 

10 20 

December 

• 

< 

9 so 

10 0 

10 IS 

10 0 

10 0 

JO 5 

10 to 

10 10 

10 15 

10 to 


There are a number of local peculiarities in the epoch of the evening maximum, which 
are stated in the following paragraphs. 

(j) At the stations of Belgaum, Poona and Decsa the evening maximum occu-s 
earlier than the normal for stations in the same latitude, as shown below 







Amount or ACCPLPRATJrN or the kveninc 
MAXIMUM or rPESSURIl AT 







Betjtaum. 

Poona, 

Dwa. 

January 




« • • 


Min. 

sO 

^9 

Min. 

S3 

February . 



* 



39 

■■ 

31 

March 






3S 

»7 

24 

April . 






4G 

29 

37 

May . 


• 

■ 

« • • 

• 

32 

15 


June . 




• • • 

* 

J7 

9 


July . . 


• 




30 

28 


August 




• • • 

• 

33 

34 


September . 




• • • 


39 

46 


October . 




■ 


34 

29 

22 

November . 




* * • 

• 

14 

J4 

0 

December . 






31 

3 

P 





Me»m 


29 

31 

J9 























DISCUSSION OF THE RESULTS OF THE HOURLY OBSERVATIONS' 


The data indicate that the acceleration, due probably to peculiarities of local . condi- 
tions, averages 29 minutes for Belgaum, 21 minutes for Poona arid 19 iriinutes for Dee§a. 

(2) The evening maximum occurs earlier at the coast stations than at neighbouring . 
stations in the intenor in approximately the same latitude. The following gives data ' 
showing the amount of acceleration (acceleration being denoted by the negalive'sign 
and retardation by the positive) 


DirraBENCE BETWEEN THE ETOCHS OF EVENING MAXIMUM OF PEESSUEE, 



January 

February 


August 

September 

October 

November 

December 



The acceleration is very clearly exhibited at Trivandrum, Madras and, Aden' 
Chittagong is the only marked exception. 

(3) The evening maximum, as a rule, occurs earlier at the stations on the crest 
of hills than at the neighbouring plain stations. The following gives data in illustration (a 
negative sign indicating acceleration of epoch) ; — 


Difpbrekcs dbtvveen the bpocms op evening maximum 

OF PRESSUkB. 
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Mohtb. 

Difference between the efochs of evening uaxiuuu 

OF PRESSURE, 

4 > 

Agustta 
^ *ninus 
TfJchinopo!y» 

Agustia 

jrjIMMS 

Trivandrum* 

Simla 
minus 
mean of 
Roorkee and 
Lahore. 

Pachmarhi 
minus 
mean of 
Jubbulpore and 
Nagpur. 


Min, 

Min. 

Min. 

— 

July 

— 22 

— 2 

-SS 

msm 

August . . 

—23 

+ 4 

—29 

— 16 

September ' . 

—31 

— 2 

-61 

— 8 

October ........ 

—30 

— 6 

—42 


November ........ 

-34 

— II 

—30 


December . . . . . . . . 

-33 

— 12 

—36 

—27 

Mead 

—33 

—TO 

— 3 S 



The acceleration is marked at all these stations, and is greatest in actual amount at 
Simla. 


(4) The evening maximum generally occurs later at mountain valley stations 
than at neighbouring plains stations in the same latitude, as shown below - 




Mokth. 





Approximate amount of retardation 

OP EOCH OF EVENING MAXIMUM OF 
PRESSURE AT 









Goalpara. 

Sibsagar. 

Srinagar. 

January . 








+ii 

+11 

+17 

February . 

• 







+ 6 

— ig 

+ IS 

March 

• 







— 3 

—30 

0 

April . 

• 







+22 

—13 

— 3 

May 








— 9 

16 

+35 

June . 








— I 

-32 

+27 

July 








— 20 

— 10 

+35 

August . 








+ 4 

—17 

+67 

September 








+ii 

—22 

+52 

October . 

. 







+ 9 

+ s 

+ 118 

November 

« 







+47 

+17 

+ 66 

December 

« 







+34 

J-tl 

+45 

Mean ol year 

■ 







+ 9 ' 

— 10 

+40 


The retardation due to position ' in valleys is strongly exhibited at Srinagar and 
slightly at Goalpara. Sibsagar is an exception to the rule during eight months of the year. 

The following summarises the results of the discussion on the chief features of the 
epoch of the evening maximum. — 

(/) The evening maximum is later in ten months in Extra Tropical than, in Tropical India. 
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On the average of the year it occurs at^ lo-ip PM. in Tropical India and jo-gi pm. Extrh'.Trih 

picaUndia or 12 minutes later in the latter than the former area. ’ ' , ■ 

{2) The differences arc largest during thesouth“aest monsoon period from June Jo 'Sepiemf 
’Wheii they 20 thtttuies, . > . * 

(j) The evening maximum o'tcurs iarliPsi in both Tropical and Exira-Tropical India , 
November (/6-p AW. bn the mean of the whole of India) and latest in Tropical India in May 
{jo-39 P.M.) and ill Exit e.-Tropical India in June ahd July [lo-jy P.M.). The epoch ishtme' 
retarded during the period of increasing heat from January to May or June, and accek'raieg, 
during the period of decreasing temperature from September to Novcmbe_r or December. ■ 

{4) It is slightly retarded with increasing latitude during the whole year. Theretardaiih :- 

being greatest in the south-west monsoon period. ' ■ , ‘ : . 

(5) The evening maximum is considerably accelerated at Belgaum, Poona and' Decsa,iy' 
amounts avefaginff sg minutes for the Whole year. The acceleration is greatest in the dry season ' 
from February lb May and is ihoderate in timount in the rains. 

[6] It is also retarded in valleys and more especially in deep, elevated and well-defined' 

mountain -valleys at Leh and Srinagar). 

{1) It xs slightly accelerated at the majority bf the coast stations as compared .with the 
neighbouring stations in the interior. The only important exception is Chittagong. 

(S) It is considerably accelerated at stations Oh the Crest of mountain Patiges, and is cUatly 
shown at all these stations in India, vis., Agustia, Pacbmarhi and Simla. 

Geniral summary of preceding dtsctissteu. — The Tdllowlng summarizes the more 
important results of the preceding discussion ; — 

(1) The early riiofhihg nlihlfriutn occurs earliest in the day in May or June ana 

latest in December or January. The range of variation is large, amounting to , 

1 hour 23 minutes in the monthly means for Extra^Tropical India and 

minutes for Tropical India. It occurs, on the average of the year, only 

2 minutes earlier ih Extra-Tropical than in Tropical India. . ' 

(2) The morning maximum is earliest in the day in June and latest in February, and 

hence at practically the same periods of the year as the corresponding phase 
of the early morning minimum. The annual range of variation is, only 50 
minutes for Extra'^Tropical India and 24 minutes for Tropical India. 

(3) The afternoon minimum occurs earliest in the day in November or December 

and latest in Mayor June. The annual variation in "Extra-Tropical India is 
I hour 12 minutes and ih Tropical India 47 minutes. 

(4) The 'evening maximum is earliest in November to January and latest in May or 

June. The annual range of variation of its mean epoch for Extra-Tropical 
and Tropical India is 38 minutes. 

(5) The epochs of the maximum phases are much less variable than those of the mini-' 

mum phases, the 'annual range of variation of the former in Extra-Tropical 
India being little more than a third of that of the latter. , , 

(6) The variations of the morning fphases are inverse or opposite to those of the 

■afternoon or evening phases, ii.e., :the epochs of -the former are -accelerated 
U’hen the latter are retarded. 

'(7) ' The critical dp'Oehs of these phases -occur about the time of longest and shortest 
days, and are evidently related to the period or duration of sunshine, as early 
. ‘Inotning phases x'accompany late afternoon and evening phases .(the amounts 
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of acceleration and retardation being nearly equal);. The following gives data 
in illustration : — 



Variation from 

ANNUAL HKAN OF 

Morning 

minttnurn. 

Afternf on 
minimum. 

Morn'ng’ 

maximum. 

Afternoon 

maximum. 





Min. 

Min. 



Estba-Tropjcal India . 

January . 

• 

• 

+47 

-38 

+ 7 

—20 


t June 

• 

• 


+29 

-14 

4-16 

Teopical India . . 

’ January . 

• 

- 

+13 

—16 ’ 

+ 7 

— s 


L June . 

• 

* 

+4 

+18 

— 9 

■+ 7 


( 8 ) The annual range of variation ' in the epochs of the minima phases is con- 
siderably greater than that of the maxima epochs. The range is consider- 
ably greater for the minima in Extra-Tropical India than in TropicaTIndia, 
■whereas that of the maxima is practically identical in amount in both 
areas. The following table gives comparative data in illustration : — 



Auouht or abeoi-uie vasiatiok in 

Ertra'Tropical India. 

Tropica! India. 

Morning mmimum • • ^ * 

„ maximum «*•••« 

Afternoon minimum 

ft maximum « « • • • 

B. «. 

I 32 

0 30 

1 13 

0 3S 

B. M. 

0 31 

0 H 

0 .47 

0 38 


Whence, more especially in Extra-Tropical India, the epochs of the minima values are 
much more variable than those of the maxima, and the annuall variation or range of the 
minima corresponds closely to that of the length of the day. 

( 9 ) There are a number of important local peculiarities in the occurrence of the 
maxima and minima phases of the diurnal oscillation of pressure of which the 
most important are given in the following five paragraphs : — 

{a) The epochs generally occur earlier at coast stations than at neighbouring stations 
in the interior. The following give? the mean acceleration in different seasons 
for the coast stations of Trivandrum, Madras, Rangoon and Kun;ac,hee: — 



January 

and 

February. • 

Mpreb ' 
to 

May. 

June 

to 

September. 

October ' 
to 

-Dccdmbcr, . 

Year. 


Min. i 

Min. 

Mip. , 

,Mip. ' 

Mi". 

.Morning.minimum ...... 


—.4 

■— , 

. 4 - 5 


„ maximum 

+ 7 

+ 3 

+ S 

. 4 - g 

+ 6 

•Afternoon minimum 

f 22 1 

+18 ' 

+ .S ' 

+33 I 

■+•17 

iTiaxifnuin • • • • » 

+ s '■ 

.+ '8 ' 

+ S 

+ 6 '• 

+ 6 • 


2 t 3 
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(3) Position in mountain valleys accelerates the epochs of the morning raaxirnum 
and the afternoon minimum and evening maximum. The following gives the., 
mean amount of the acceleration for the stations of Sibsagar, Goalpara and' 
Srinagar: — 



January 

and 

February. 


June 

to 

September. 

October. 

to 

December. 

YeaK . 






Min. 

Min; 

Min. 

Min. 

-Min. ■ 

Morning minimum , . 

• 

■ 

• 

• 

'—“10 

—15 

— lo 

—24 

-IS 

jf maximum « 




• 

22 

28 

23 

>4 • 

22 

Afternoon minimum , 

< 


• 

■ 

20 

i6 

II 

2 

n . 

maximum 



• 

• 

— 2 

8 

II 

—20 

— I 


(f) The morning epochs are retarded and the afternoon epochs accelerated at stations 
on mountain crests. The following gives mean data for Agustia, Pachmarhi' 
and Simla : — 



January 

and 

February. 

March 

to 

May. 

June 

to 

September. 

October 

to 

December. 

Year. \ 





Min. 

Min. 

Min. 

Min. 

,M!n. 

Morning minimum . 



• 

—I? 

-l 8 

, — J4 

—iS 


maximum • 

. 


« 

— 12 

—36 

• —39 

-*s 

—28 

Afternoon minimum . 

• 

. 


8 ’ 

9 

0 

IS • 

■ 8 • 

,f maximum 


• 

• 

23 

27 

*3 

2p 

*3 , 


(d) All the epochs are accelerated at the stations of Belgaum, Poona and Deesa" 
situated within a short distance (the limit of the extension of the land and sea 
breezes) from the west coast. The following gives data for these stations in - 
illustration : — 



January 

and 

February. 

March 

to 

May. 

June 

to 

September. 

October 

to 

December. 

Year. 

Morning minimum . 




Min. 

Min. 

>3 

Min. 

3 

, Min. 

14 

Min. 

10 

n maximum • • 

• 


• 

10 

13 

6 

14 

XI 

Afternoon minimum . . 

• 

t 

■ 

23 

39 

12 

16 

20 ' ' 

0 maximum • • 



• 

36 

26 

33 

n 

^3 

. 


(e) The epochs are generally retarded at Cuttack and Calcutta, situated about the 
same distance from the north coast of the. Bay of Bengal as the stations in the 
preceding paragraph are from the west coast of the Arabian Sea. 


The actual ainplittides of the night and da.y .oscillations.-- , 

There are a large number of interesting features in this element of the diurnal oscillation,- s. 
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RECORDED AT jp STATIONS IN ll^DlA, 

The following is a statement of the more important : — 

(i) The amplitude of the night oscillation is, on the whole, greatest at the coast 
stations in Southern India and decreases generally with increasing latitude at bdth coast 
and interior stations, as is shown by the following data for the mean day of the year and 
for the monthr. of April and August, the months most typical of the dry and wet sea- 
so ns 


Station, 

LatUude 

North. 

Amplitude of nioht oscillation. 

Mean day of 
the year. 

April* 

August, 





0 

t 



& 

Trivandrum . 

« • 

• 

. 

8 

31 

•0651 

•o6q3 

•0630 

TrieW nopoly 

• « 



to 

50 

•0574 

•0499 

•0522 

Madras . 

• « 

a 


»3 

4 

•o6t8 

•0527 

•0468 

Bellary . 

n • 

a 

. 

IS 

9 

•0402 

•037s 

'0420 

Belgaum 

« « 



*S 

52 

•0530 

•0504 

•o6io 

Rangoon • 

• • 

a 


16 

46 

•0416 

•0263 

•0478 

Bombay • 

• • 



tS 

54 

•0510 

•0440 

•0580 

Nagpur 

• • 



21 

9 

•0364 

■0285 

■0452 

Calcutta . 

• • 



22 

32 

•0423 

•0412 

•0530 

Deesa . • 

« a 



24 

16 

•0341 

•0305 

•0348 

Kurracbee . 

a a 



»4 

47 

•0343 

•0386 

•0381 

Allababad 

• a 


a 

35 

26 

•0297 

•0319 

■0372 

Patna . 

* a 


a 

•25 

37 

•0366 

•0331 

•0407 

Jaipur , 

a a 


a 

26 

55 

•0312 

’0306 

•0326 

Agra , 

• • 

• 


27 

10 

•C327 

•0315 

■0305 

Roorkee 


a 

a 

29 

52 

•0298 

•0374 

•0228 

Cahoie . • 


• 

* 

3 J 

34 

*ot4l 

■0224 

•om 


The preceding data also indicate that the amplitude decreases with latitude and that 
the decrease is, however, not a function of latitude only, as it varies very considerably in 
amount at stations in approxifnately the same latitude, e.g.^ Allahabad and Patna, Bombay 
and Rangoon, Belgaum and Bellary, etc. 

(2) The amplitude of the night oscillation is least during the period from Apnl to June 
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or July immediately antecedent , to the rains, when days are longest, temperature and tW 

diurnal range of temperature excessive and the air very ,dry. . v .. ' ' , > , - 

The following statement gives the absolute minimum values of the monthly amplituds 
of the night oscillation and the epochs of their occurrence • ... - 


Month or smallest amplitude or 

•NIGHT OSCILLATION. 

Station. 

Minimum 'amplllade 
'.of night osciila^ 

- ti'on. 


f 

Rangoon 





• 

» 

*0263,, 

Armt « . • . 

.-1 

Nagpur . 



; - 


« 

■0285' ; 


1 

Bombay. 


# 

• 


« 

•0440 ' 



Dellary . 


• 



• 

•0285 ■' 



Pachmarhi 


• 

• 



’0281 > 

XUr .... 


Cuttack . 




• 

• 

'O322 



Dhubri . 



• 

« 

• 

•0300 



Patna . 



% 

* 

* 

■030S 



Deesa . 


• 

» 

. ' 

• 

*0220 



Agustia . 


• 

« ' 

0 


•0466 , 



Trichinopoly 



' » 

• 


•0487 ■ 



Belgaura 


• 

• 

• 

• 

•0439 



Simla . 


• 

* 

• 

« 

•02S6 

juNB .... 


Allahabad 


* 

• 

» 

• 

• 03^0 . 


■ 

Lucknoiy 



* 

« 


•0143 



Agra 




« 

• 

•028J ' 



Roorkce. 





• 

•OIC9 ' 



Jaipur . 



• 

• 

a 

■0236 



Aden . 


<• 

• 

• 


•0137 


r 

Trivandrum 


• 

• 



■ ‘0395 

Jui-T .... 

i 

Madras . 


• 

• 

0 


'0*111 


i 

Sibsagar 



• 

• 


•0197 



Lahore . 



« 



•0064 

SerrEMBER . . . 

• 

'Kurracbee 




• 

. 

\ 

'02S9 

October .... 

j 

Chittagong 


t« 


• 


■0341 . ■ 


< 

Poona . 



• 

0 


■0341 

November . . . 

• 

Hazaribagh 


« 


f 


•0314 ■ 


( 

Goalpara 



• 



•0291 ’ .. 

December . , . 


Calcutta . 



• 

« 


•0354 


J 

Jubbulpore 

- 

• 

• 

• 

_ t 

• '■ '1 
*0503 . 


The minimum valuesdonot vary much in Northern.and Central Jndia, ranging ucl, 
•020.'' and vso 3 t .the great .wajorky of stations, .They Jnctegse :ra^pidly .southwards 
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in the Peninsula with decreasing latitude, and range between *040" and '060" at all stations 
to the south of at. 16° N. except Bellary. The minimuni amplitude is absolutely 
greatest for Trivandrum (‘0595'’). 

The minimum values are smallest at Aden (•014"), Lucbnow (■014"), Roorkee 
(•017"), and Lahore (‘ooS"). 

They are also locally small at the stations in the Assam valley {vis., Dhubri and - 
Sibsagar, each •020"). 

The minimum values are larger at the coast stations than at neighbouring stations 
in the interior, more especially in Southern India. They are also locally large at Trichi- 
nopoly (’049"), Belgaum ('046'), Poona (‘034") and Hazaribagh (■031''') I'.e., larger than 
at the majority of stations in similar latitudes. Local conditions hence appear to be 
of considerable importance in determining the amplitude of the night oscillation. 

(3) The amplitude of the night oscillation is greatest in Northern and Central India 
(or Extra-Tropical India excluding South Bengal) in the cold'weather and at most 
stations in February. 

The following gives data ; — ■ 


Month of maximum amplitude 
OF THE WIGHT OSCILLATION, 

Sutton . 

Maximnm 
ampHtudeof 
night osciUa* 
tion. 









9 

JXHOtKT . . . . . 

Patna 

• 


• 


• 

t 

• 04*7 


Lahotc 

• 


• 

• 

- 

% 

■0308 


Kurrachee 

• 

• 

• 


• 

• 

*0409 


Roorkee 

• 

* 

• 

• 

« 

• 

•0476 


Agra 

• 


* 

• 

• 

• 

'0408 

Februxrv . . . . / 

Jaipur 

• 

• 

« 


« 


•0383 

Lucknow 

• 





• 

•^361 


Deesa 

• 


• 

• 

• 

• 

; 044 I 


Goalpara 

• 

• 




• 

•0408 


Jubbulpore 

• 

t 




• 

■0434 


Pacbmarhi 

• 

• 



• 

• 

■0494 

March 

Sibsagar 

• 

• 


• 



■0328 

c 

Simla 

• 

• 

• 

• 

• 

• 

'04S0 

Afril 

Chittagong 

• 

• 

• 

• 

• 

• 

•0527 


(4) In the Peninsula and South Bengal the epoch of the maximum night oscillation 
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varies considerably in its occurrence, but is generally during the rainy.season or south-':’, 
west monsoon period, as is shown below ■ " . . ■ ■ . 


Month of MAXfMUM amplitude 

OF THE NiCHT OSCILLATJON. 


Station* 

f 




Maximuro' 
amplitude of ' 
night oscilla* 
tion. , 

f 

Cuttack ■ . 



• 

t 


■■ 

June < 

Rangoon . 






■1 

( 

Poona 



* 

• 


•0577 _ 

JUl-T j 

Allaliabad . 

• 



0 


•0384 

t 

Hazaribagh . 



• 

0 

. * 

•0404 

( 

Belgaum 

• 


* 



•0610 ■ 

August • - . . < 

Calcutta 






*0530 

{ 

Nagpur 






■0452 

SEPTEMaER . .. . . 

Dhubri . 






•0436 , 


Bellary . 

• 

• 

• 

0 


■0459 '■ 

1 

Tricliinopoly 

• 

• 

» 

0 


•0674 

November . . . ./ 

Trivandrum 

• 

( 

• 



■ops 


Aden . 1 

« 


• 



•0517 • 


Madras . . 

• 

* 

• 

• 


•0687 

December 

Agustia . 



• 

• 


•ofip4 : 


{5) The values of the maximum amplitude of the night oscillation are large in Southern' 
India, They differ little in amount over the Deccan and Central and North-East' India, 
but decrease rapidly northwards in Rajputana, the North-Western Provinces' and the 
Punjab, as is shown by the .data in the two preceding paragraphs. The maximum- ampli- . 
tude is greatest at Trivandrum ("0725') and least at Lahore (0308"). 

The values are larger for the hill stations of Agustia, Simla and Pacbmarhi than for , 
the neighbouring plains stations. The magnitude of the night oscillation at these hill - ' 
stations is a feature of considerable importance. . ■ 

(6) The day oscillation has its smallest amplitude in the rains and at the great , 
majority of stations in July. The following gives data in illustration ; — ' ■ ■ ■ 
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Mohth of smallest amplitude 

OF THE DAV OSClLLATtON, 

f 

Station# 

Minimum amplitude 
of day oscillation. 


Allahabad 



• 



*1000 


Deesa . 


• 

• 



•0996 


Patna . 


• 




•1045 


Hazaribagh 


• 

• 



•0802 


Dhubri , 


• 

• 



•1152 


Goalpara 


• 

• 



•1064 


Calcutta 


• 




.0969 


Cuttack . 


« 

• 



•0907 


Chittagong 


• 




•0876 

Jutt — caneld. . . . .^ 

Jubbulpote 


» 

» 



*0920 


Pacbmarhi 



• 



. *0721 


Nagpur , 


• 

• 



•09S4 


Poona . 


$ 

• 



•0653 


Belgaum . 



« 



•065s 


Bellary . 


• 

• 



•0978 


Kurrachee 


« 

• 



•0693 


Trivandrum 





• 

• ‘0824 


Bombay . 





• 

•0640 


T he only impottant exceptions are thejollonringv 


Month of smallest amplitude 

OF THE DAY OSCILLATION. 

Station, 

Minimum amplitude 
of day oscillation. 

Jasuart , . . .^ 

Daliorc •«*••• 

m 

•0795 

LoVi 

•0740 

Februart . • • • ^ 

Roorkee 

'087S 

Agustia 

•0586 

r 

Tiicbinopoly ..... 

•1143 

\ 

December • • • • -j 

Madras 

•1099 

1 

L 

Aden 

•iot8 . 


The data indicate that there are very considerable differences in the values of the 
minimum amplitudes of the day oscillation. The largest values are for the Assam sta- 
tions (Sibsagar and Dhubri) and the smallest for the west coast stations (Bombay and 
Kurrachee) , and for Belgaum and Poona. They are, on the other hand, large at Aden, 
Madras and Rangoon. Local conditions hence exercise a considerable influence in 
determining the amplitude of the day oscillation. 

(7) The maximum values of the amplitudes of the day oscillation occur over nearly 
the whole of Northern and Central India in March or April in the beginning or middle of 
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the hot weather, when the influence of.the local sea breezes is leasL . The following gives 
data in illustration - 


MONTif OP MAXIMUM AMPLITUDE 
OP D^Y OSCILLATION. 

Station. , . 

Masiraom amplitude 
of day oscillation. 

( 

Bellary . « , . . ! . 

- ‘ '>S 0 i , 

FeBRUART , ■ . . ’ . 

Trivandrum . ... . . 

' ‘ 12 ( 5 ( 5 ' ■/ 

{ 

Bombay . . 

•,J 24 q ' ■ 


Tricliinopoly . . . . 


- 

Bcl^aum . . • • , ' . ' ■ 

•1365 


Poona . ■ 

' *' 513 .' „ 


Paclimarhi . ■ . . , ' • ' . . 



Nagpur , ' . . . . ■ . . 

'7539 

March . . . , ,1 

Cliittngong . , ' • , . 

*1222 


Allababad • . . , . 

• •>364 ^ 


Dbubri . ' . 

:f 59 i 


Oofitpor^ • ^ • 

•1566 ^ 


OslcutlE * * • ' • . » 

•1406 


OuttSClc • a • # * • * 



Roorkce. « , • 

•1146’ ■ 


Lucknow • • . • • • 

'M70' 


Agrft • • ‘ # * ' » • 

' 1264 


Patna « 

' , '>383 

April , , . , ( 

Hazaribagh ..... 

’ 7 ' 3'5 


Rangoon . . . - . . 

•iss's ■ 


Jubbulpore . • • ' . • 

. •1305- ' 


MEdfES* • •, a « a 

•J 3 S 3 


Agustiai . , . . , . .. 

•0809 ' 

C 

Jaipur . ' . . . . . 

; *1172 , 

May • . • • 1 • j 

OCCSE •.« ■ • 

•i‘ 33 i ^ 

June 

Lahore. . • . . . . . 

•1062 . 


The following are abnormal : — 


' 

Month qp maximum amplitude 

, (Up DAY OSCILLATION, 

■ 

1 ' 

Statiok. 

Maximum amplitude 
of dayosdiiation* 

August 

Aden . < . . . • 

’ ^ c " ‘ 

;*I407‘ . 

Septembei^ .... 

tuCH • • • > • • • 

,•1226 

November . ' , 

Sibsagar ..... 


( 

Kurracbcc . . . ' , ■ ... 

•J 156 . , , 

December . . . .4 

‘ I . , 


1 

Simla , . . ' . ' . . . ' . 

‘0555' 
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The maximum amplitudes of the day oscillation occur in the hottest period of the 
year, and their epochs range between February in the south of the Peninsula, and May in 
Rajputana and June in the Punjab. 

The maximum amplitudes are locally large in valleys {e.g., Dhubri, Sibsagar, Sri. 
nagar and Leh) and small on mountain ridges {c.g., Simla, Agustia and Pachmarhi). 

They are also’ considerably smaller at coast stations than at stations in the interior of 
India in similar latitudes. They decrease with latitude from about • 160' in the interior 
of Southern India to ’no" in Upper India (at Lahore and Roorkee). 

The following gives a summary of the chief results of the discussion on the ampli- 
tudes of the day and night oscillations of pressure in India : — 

/. T/ic amplitude of the day oscillation is least tn the month of July characterised by much 
cloud, i^rcct humidity, slight to moderate diurnal range of temperature and general uniformity of 
temperature. The only exceptions are in the dry districts of Upper India and Southern India, 
sehcre fine dry cccatktr obtains generally during the south-soest snonsoon period except during 
ik.i periods if breaks in the rains in Piarlhern India. 

а. The minimum values are less at the hilt stations than at the neighbouring plains stations. 

3. The minimum values are absolutely least at Poona and Bclgaum and also at Kurraclue, 
Dembay and Trivandrum or at the coast stations most exposed to the south west monsoon conditions 
and eurrcr.ls. 

4. The maximum values of the day oscillation occur over the vshoie of Northern and Central 
India in March or April, i.c., in the middle of the hot vocather, 

5. The maximum values arc targe in valleys and small on mountain ridges, 

б. The amplitude of the night oscillation is greatest at the const stations and decreases svith 
•distance from the sea and also vith latitude. 

/. The amplitude of the night oscillation is least during the period from April to June. 

S. The amplitude is greatest in Northern and Central India in the cold Kcnthcr [generally in 
February) and in the Peninsula and coast districts in the rainy season from June to December. 

The periods of the day and night oscillatio7is.~T\^^ diurnal 
variation of the air pressure is by far the most regular of all the diurnal changes 
of the elements of meteorological observation, so much so that in four days at least out 
of five the curves obtained by the use of self-registering barographs (mercurial or 
aneroid) arc practically as smooth and regular as those of the monthly, seasonal or 
annual means given in the memoirs. 

The chief difference between the curves for different parts of India and for different 
seasons is in the relative amplitudes of these two oscillations. Under certain conditions 
the two oscillations arc of appro.ximatcly equal amplitude. This is usually denominated 
the maritime type as it occurs chiefly at insular and coast stations and over open 
seas. In other cases the amplitude of the day oscillation is relatively much larger than 
that of the night oscillation. In the most exaggerated form of this type (termed the conti- 
nental type) the night oscillation is practically or actually evanescent. The periods of 
these oscillations are usually longest when the amplitudes arc greatest, and viceversd. 
Hence the maritime type is characterised by nearly equal periods of the day and night 
oscillations and the continental type by long day period and short night period. 

The diurnal periods of these two oscillations are most satisfactorily defined by the 
instants of zero variation from the mean of the day and not by the epochs of the m.axima 
and minima values. 
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The epochs of zero variation defining the night oscillation for the mean, day of,- the’-, 
year at fourteen typical stations in the interior of India are given, in the following tablel 
They are approximate values determined from' the curves, ' and not from, the exact humet^, 
ical data of the diurnal oscillation 






Lahore , . . • . v . . 

Roorkee . . • • ... . . 

Jaipur 

Occsa . • . • . • < ' • 

Allahabad ....... 

Dhubri ........ 

Sibsagar . ' , . 

Jubbulpore ....... 

Patna ........ 

Hiizaribagh 

Nagpur ........ 

Bcllary . . . . • , . . 

Trichinopoly ' . 


The preceding data indicate that over nearly the whole of the interior of India the 
period of the night oscillation is almost exactly nine hours. It is less than this' at Leh’, 
and Lahore, where the oscillation is most markedly of the continental type. 

The period is greater at the stations on and near the coasts of India (averaging about 
ten hours), than at the interior stations, as is shown by a comparison of the data of the 
preceding and following tables : — ■ - ■ ' ■ ■ 


Erocii or iero variati'oh 

ON THE MEAN DAY, 

_ OF THE YEAR. 


Epoch of zhko^variation 

ON THE MEAN DAV OF 
THE VRAR. 

Daralion or 
period of the 
night oscjIU- 
' tion. > 

P.M, 

A.«. ' 

lO-O 

6-0 

H;'M. 

,8 0 

lO-O 

, 6-0 

8 lo ' 

9-0 

6-0 


8*45 

S'- 4 S 

9 , ® * 

8*30 

5 - 30 , 

90., 

8-30 

5-30 ' 

. , 9 ° 

8-30 

S -30 

9 0 

8.40 

5-40. 

9 " ' 

8-30 

S -45 ' 

•9 >5 

8-30 

5*30 

■ '9 0 

8-30 

6*20 

9. 50.' 

8-30 

S -30 

, 9 0 

8-30 ' 

5-30 

g 0 

■ 7-45 

S-30 

9 4 S 





ICurrachee 
Chittagong 
Rangoon . 
Madras 
Bombay . 
Trivandrum 
Calcutta . 
Belgaum . 



The data establish that the period of the night oscillation averages almost exactly, 
ten hours at the coast stations; and is actually greatest, at the most southerly station 
(Trivandrum) for which it is nearly eleven hours.'. As' the amplitude' of the night oscillation 
is greatest at the coast stations, if follows, that the period of. the night oscillation' is 
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greatest at stations where its amplitude (actually and relatively to the day oscillation) is 
greatest. 

The period of the night oscillation also varies considerably throughout the year, the 
range of variation increasing with latitude. It is least in the hot W'eather months immediately 
antecedent to the rains, and is practically constant in amount from June to September over 
the whole of India. It is greatest in the cold-weather months of December and. January. 

The following table gives the maximum and minimum periods of the night oscillation 
at certain stations : — 


Area. 

STAtlON. 



Maximum 

period 

of 

nij^ht osdtia* 
tion. 

^\onth of occur* 
rcn:e. 

Minimum 

period 

of 

night psciiia- 
tion. 

Month of occur- 
rence. 


Roorkee . 




Hours. 

tt 

January and 

Hours. 

1\ (f) 

June. 


! 

, Lahore 

i 




It 

February 

February 

5i 

Jviy- 


! Atlahabad . 




to 

January 

Si 

June. 


Calcutta 




10 

January 

6} 

April. 

Iktirsor (Pi-aiks) ( 

Jaipur 




It 

January 

7 

June. 

Deesa , 




loi 

February 

7 

May, 


N.igpur 




91 

Januiry 

7i 

May. 


j Bclijaum 




n 

December 

9 } 

May. 






9 } 

December 

7i 

.May. 


* TrlchinopAty 





December 

9 

March. 

r 

I Pachmarhi . 




t«i 

December 

S5 

May. 

Hilu . . .J 

Simla . . 




13} 

December 

10 

June. 

C 

Leh . . 




Si 

January 

? 

ju'y. 

/ 

Rangoon . 




10 ! 

June 

8 

April. 

CoMr . . .< 

Chittagong . 




10 

December 

Si 

May. 


Kurrachcc . 




loi 

December 

9 

May. 


As the period of the day oscillation is complementary to that of the night oscilla- 
tion it is unnecessary to give separate data for its maximum and minimum values and 
the epochs of their occurrence. 

The following are the chief inferences from the data of the preceding three tables: — 

(/) The period of the nif<hl cscilteition is a tKaximtitn in (he cold weather in Decemher at{d 
January, almost without exception. The maximum period overages /oj hours in the plains 
and is longer at (he hill stations on mountain ridges than at the neighbouring plain stations. 

(a) The period of the night oseillalion is shortest in May oryune. It ranges between 5! t^nd 
gl hours at the plains stations and averages 7 J hours in length, 

(j) The period of the day oscillation, which is inverse to, or the complement of, the night oscilla- 
tion, is longest in the months of May or yunc and shortest in the months of December and 
yanuary. 

The period of the night oseillalion decreases from the coast districts to the driest districts 
of the interior in Upper India. 

(j) The period of the night oscillation depends chiefly upon position with respect to the sea 

coast and other topographical conditions, sueh as eleialton and position with respect to mountain 
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, r angles: It also depends partly upon the season, 'decreasing from December to May or June and-- 
thence increasi'ug from June to December, and also upon the latitude. ' ' 

■ ' '.,(< 5 ) The period of theday oscillation depends chiejy upon the season, increasing from Detemher'-- 
to May or. June, and thence decreasing to December over the 'whole of Indiai It also depends slightly' 

• upon geographical position, elevation and position with respect to the sea coast and mountain ranges, 

Batio of the amplitude of the day oscillation to tJUit of the 
niffht. oscillation- — ^The ratio oi the amplitude o! the day oscillation td that of the 
niglit oscillation is less than 3‘o in the coast districts during the greater part of the year 
as shown below ; — , , ' , 


Station. 

Least value. 

Period in nhich the ratio is below 3'o. 

Rangoon .... 

*•2 

Hay to September. ' 

Chittagong .... 

23 

March to September. ' 

.M.ndr.TS .... 

r8 

January to December. 

Trivandrum . 

«7 

January to December. 

Bombay « • . « 

ri 

January to December. ‘ • 

Kurrachce .... 

2'3 

February to August. • 

Aden . • ‘ ' 

2'S 

October, November nntl January. 


■ -The ratio is, on the other Iiand, 3'o or over at all stations in the interior of India 
during the cold weather, hot weather and retreating south-west monsoon seasons with the 


Station. 

Least value. 

Month of occurence. 

Months in which the ratio 
is below 3 * 00 . 

Agra 

27 

January , 

January and Februar/. 

Lucknow , . • • 

3-g 

February 

February. ■ 

Laliore ..... 

2-3 

Ditto . 

February. 

Jaipur 

2-8 

Ditto • . 

\ 

February. 



2’6 

November « 

November, January, Feb- 
ruary, lulv.and August 

Roorkee .... 

fS 

Febru.ary 

Janu.iry to.M.arch, 


ie. over the whole of North-Western India except the coast and 'Sub-montane' districts; 

The ratios are greater than 3‘o at the following stations in the interior of India, 
during the rainy season from June to September. The. table also gives the maximum 


Station. 

Greatest value. 

. -Month. 


i4‘9 

July. 

Jaipur 

4'4 

June. ‘ ■ 

Roorkee 

iS'S 

June. 

Agra ■ . 

4-b 

June. 

Lucknow 


June. ■ . ■ ' 

1 Sib^afffir • • • ‘ , • • 

mn 

August. ' ' 
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The following table gives the stations at which the ratio is less than 2’o during a 
part of the rainy season and the minimum ratio and the month of its occurrence : — 


Sr^TiOK. 

Le&«t vxlu<r. 

Monlli, 

Hrinbay 





* 

1*2 


MsUr.ii . 






1 6 

December. 

rriv.mdnim 






rt 

June. 







V7 

July. 

ronr--. , 






1*1 

July 

Hc'p.ium 






1*2 

July. 

Uar.j;;oon , 






«•; 

June. 

THthirc-poIy 







December. 

Roorkfe 






jS 

Fcbru.nry. 

itiirrsctM . 






1-9 

July. 







1*0 

July to Eebruary. 


The ratio is hence less than 2*0 at the coast sfations in the month of June or Jnly> 
or during the height of the rains and in the part of Southern India represented by Madras 
and Trichinopoly in December, or during the period of occasional heavy rain due to the 
retreating south-west monsoon. 

It hence follows that the character of the night oscillation depends upon proximity 
to the sea and position with respect to the direction of the humid currents. It would 
appear that the Bombay current is more effective in this respect than the B.ay current. 

The ratios arc least in June, July or August (the height of the rains) at the great 
tn.ajoril 3 ’ of stations, including those given in the following list : — 


Station. 



Sr^TjoH. 

Miplmm 

f»UO 

MrntV. 

Calrett.n . 

31 

Auf;«*t. 

K.rrpt>on . 

17 

June. 

Jubbulpore . 


July. 

CuUscb , . •. 

3*2 

Au[oi»t. 

I’ccra .... 

ri 

July. 

Paclimsrhi • • 

«'9 

July- 

Nsepur . . 

i-3 

Aujtur;. 

r.itr.3 .... 

■■ 

July. 

Reljtau.m . , . 

f3 

Jul). 

Mflr.'itajanb . • 

mm 

July. 

tlclhry .... 

- J 

July. 

Gnalpar.a . . 


June. 

eWitsyoff; . 

.7 

July. , 

Allababatl . ■ 

B 

July. 


They arc least at four sUtions in Upper India in February, -’is ,-. — 

Roofkcc, j I.dcknow, 

Laliorc, ! Jatpur, 

and at Agra in January and at Deesa and Aden in November. 
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It is a noteworthy circumstance that the diurnal oscillation most closely , approaches ' 
the maritime type of equal amplitude' in Upper.', .India in the .cold tveather diiring .'{he'" " 
months ol January and February dr during the period of 'cold-weather storms arid rainfali : ' 

The night oscillation is, relatively to the day oscillation, least important in 'the dry hot i 
weather, or the ratio of tlie amplitude of the day oscillation to that of the night oscillation "• 
is greatest in the period, April to July. The maxima ratios.aJso increase generally' on' pro-"', 
ceeding from stations on the coast, to stations in the. interior in Upper Indiaj as .’shown'': 
below: — • ■ ' ■ 


' Staiiom. . 

Greatest value. 

' - ■ 

Month. ' 

Haz,nribagh 



■ • 







3-4 

■ April. - 

Goalpara 



• • 






• 

’ . . S-a' 

' April. ■ 

Rangoon 





• 





■ ' 6'o 

April.' 

Nagpur 



« • 






• 

S'3 

■April; . 

Jubbulporo 










, ‘ . 4't 

■ .May.'- 

Palna . 


« 

« • 







, . 4-5 

Mby. 

Deesa . 



• • 



• 




fri 

May. 

Dhubri . 



• • 







7'3 

• May, 

Sibsagar 



• a 


« 





•, 6-8 

■ August, 

Bellary 


• 

• • 


• 





S'; 

May. • 

Allahabad 



« » 







S'o' 

June, ; 

Lucknow 



« • 



• 


‘ • 


. . 

' - ' June, , 

Agra. 










40 , 

' Juno. 

Jaipur. 



• « 







4’4 

.June. , 

Roorkee 



• • 







6'8 

' June. 

Lahore 



• • 


• 





i4'P 

' July. . 


The conditions for maximum amplitudes are inverse in the case of the two oscillations 
and the maximum of one approximately coincides with the minimum of the other. ; This is 
very marked for coast stations and at stations in North-Western India. ' ' ' 

The amplitude of the day oscillation is greatest when the days are longest, the'-’ 
temperature and diurnal range of temperature both- high and the air very dry, '.Theses 
conditions obtain in the interior. 

The continental type is most rriarkedly exhibited at Leh where the night oscilla-. 
tion is evanescent from June to December and is very slightly shown in. the remaining'-, 
months of the year. 

The Simla and, Srinagar types are abnormal and of great interest. The chief ’ features - 
of the Simla type of diurnal oscillation arc that in all months, .except June and July, the 
early morning minimum is' deeper and more marked than the afternoon minimurai.. ’■ ■ . ' 

Chief features of the ephchs and amplitudes. of the first fotir 
components of the Besselian resolution of the diurnal oscilla- 
tion of pressure in The inferences in the following paragraphs ' are 

based upon a cornparison of the amplitudes and epochs of the first four. second compo- 
nents of the.Besselian resolution of the diurnal variation of pressure: — , ■ • ■ , 

A. TSpochs and amplitudes of the first copinop^enf 'i 

(i) The amplitude u, varies very slightly with latitude. This variation is obscured 
, by other factors. It is, however, very probable it does not exceed •o6i"per' 
2 ° of latitude in. India. ' 
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(5) The YarvUions of fisc .nmplitudc of the first component due to topographical 
conditions are large. The amplitude is small at stations on the crest of 
mountain ranges and is large in nearly enclosed valleys- (either at low 
or high elevations), and is intermediate in amount at stations in open 
plains. The following gives examples for the mc.an d.ay of the year in illus- 
tration t — 


S;i!V'r. 


ct tJs? yr*r. 






i 

’iSnIs . . 

■ 

» 

C*. r-.?^-Uir. cftv.t 

« 



? rjct-fe.Jfhi . 

; 

! AfvTjis . 

•oMrs 

V''S 3 .t 





i 

J Mfsn 

1 

*OtO( 5 J 





1 “■ 
r 

i 

-eJSJi 







Sai'. 'X i>. rs^rji , . 

■ 

• 

. • 

'S.t.s».j;4T . , 

i 

t>}iU 

'm'-t 





L Mr»e . 

i 





1 

i 

• 0 !J>S 





lA'.UViUi . 

|u*-f 

1 



. 


•1 

v.-ct; 




\ } ruv.vy 

M 

Y-inr 





U y.nn 

vib» 


Srinagar, ir. the Kashmir Valley, appears to be an exception to the statement, .as the 
itude of the fir't compoof-nt for the rne.an d.ay of the year Is only -ortt^*. 

(3) 'fhe amplitude alto v.rrirj con'.!df:r.iibly at nrighbouring stations in similar 

hatiindcs, apparrnlty drpcr.ding upon position vitb rrspcei to the sc.a 
mountain f.rngcs, and other iopogt,apbical conditions, and also perhaps upon 
rr.cttorologic.al conditions, jrtch as arnnnni ol cloud, etc. A reference to 
Table CKIV, page 30S, which p.ivcs the monthly values of the nmplitudcr. 
fcT all statVin', will confirm lhi.s. 

(4) The epochs of the maximum arid minimum monthly v.iUtcs ol the first com- 

ponent irr in diurnal variation ate slightly later with increasing latitude in 
Indb, the incfcatc for the mc,an day of the year being very apptoximatcly 

3 K 
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seven minutes per degree of latitude. .The following gives the mean maxi- 
mum epochs'in different latitudes for the mean day .of the year:— ■ 


L.vriTDDE, Nonin. 

•Calculated maxlinum 
epoch of the first 
component on the 
mean day of 
the year. 


• A. M, 

T4° . 

6 23 

i6° . . . 

6 37 

iS° . 

6 51- 

20° . • 

7 5 

22° . . f 

7 J9 

24° .... 

7 33 

26° 

7 47 

• 

O 

CO 

8 I 

o 

o 

8 15 

32 « 4 • • 

8 ■ 29 


(S) The epochs of the maximum and minimum are slightly retarded with increas. 
ing latitude in all months of the year. In most months the retardation y 
ranges between six and eight minutes and averages almost exactly seven ;' 
minutes per degree of latitude. In the month of September it is ten ; 
minutes per degree of latitude. The following gives data corresponding to 
that of the preceding paragraph for six alternate months of the year:— 


Latitube, 

Noutii, 

CALCBtATEO MAXIMUM HPOCn OT THE FIXST COMrONEHr t8 . 

Janu.ary. 

March. 

May. 

, Jaly- 

September, 

IVovember. . 


A. M. 

A. M. 

A > M . 

A 

A. M» 

^ A. M. / 

H'l 

6 14 

6 46 

6 30 

C 18 

5 20 

' 6, 13 . 

l6“. 

6 40 

1 0 

6 44 

0 30 

.5 40 

6.27 

iS°. 

6 56 

7 14 ' 

6 58 

0 42 

6 0 

6 4 * 

30 ® . 

7 12 

7 28 

7 n 

-6 54 , 

.6 ,29 

655 


7 zS 

7 42 

7 zO 

7 6 

, ' 6 40 

' 7. 9 • 

24 ' ■ 

7 44 

7 56 

7 40 

7 18 

7 0 ' 

■' ’ 7 23; ; 

26“. 

S 0 ' 

8 JO 

7 54 

7 - 3 ° • 

7 20 

i 7 37 

28’. . . 

S 16 

8 24 , - 

8 8 

7.42 

' .7 40 

'■ 7 . 5 > 

30° . 

8 32 

8 38 

8 22 

7 5 +' 

' So’ 

s 5 

32'. 

8 48 " 

8 52 

8 36 

8 6. 

S 20' 

S jp ,. 


(.6 ) The epoch of the maximum is generally, earlier at the coast stations than at 
stations in corresponding latitudes in the interior. The following table gives, 
the epochs of the maximum for the five coast stations of Trivandrum; 
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Mndtns, Rangoon, Cliitta^on" and Kurrachee in the six months of January, 
March, ^!ay. July, St-ptemher and November. 


STsXTICH. 

ifocit or u, til 



i >'>T- 

Joly. 

SfptfmWr. 

Notrmty»r, 


It. M. 

n. >t. 

I "• 


It. 

M. 

It. 

M. 

tt. M. 


* so 

5 3 

i 5 

u 

3 

5« 

4 

«4 

3 .53 


7 S 

C 51 

1 5 

Aa 

5 

33 

s 

IS 

0 7 


C t$ 

C' ss 

1 (< 

40 

6 

6 

f. 

S 

s 33 


C- 51 

s 15 

i . 

1 i 

41 

S 

S3 

5 


6 0 


7 15 

S a 

I s 

7 

s 


6 

3^ 

f- 55 


In the fD!!o«:nt: labh* arc ju'cn the cifiertncts 1 clwecn tlic niaxinmm epochs of the 
five ccart stations, fer uhiclt data arc riven in the prcccdint; table, from the corresponding 
epr-chs for t!te .'ante latitude.': in tl:c interior. A negative .'ign prefixed to llic lime 
amour.! indic.atcs th.al titc cpcch is earlier at tlie coast station titan in the interior at tlte 
s.amc latitude an.l .a po.'-itive sign that it is hater; — 





A; - Is- 




cr tfiK-ii ttr>u tft 




Ctf. 


f- , '♦ 

Ut. 

fo.i-. 








1 f 
%r»'. 



JlT.lJ. 

V.. 


1 7!»r. 


sig-t.-. 

} 

Nwfrl'f. 1 

I 





tr. it. 

tt. 


H. U. 

It ft. 

ri. ». 

It. It. j 

11. ». 


« • 

• 

s , 

3 ; 

— t 

1 

; ~0 .rS 

~1 S' 

—0 f. 


-1 5 


• • 

• 

13 • 

•! <1 5) 

4 

s 

■ — P M 

~o 33 

+ 0 IS 

•i-o 15 1 

17 


« • 

• 

1 ; 



1 ; 

' —0 tt 

;.o 

+ 6 If 

0 ! 

—0 ii 

ovsjr-c 

« • 

• 

• .t 


4 0 

:« 

+0 13 

-1 43 

-1 s 

-1 It ; 

—0 3J 


« * 

• 

7J ' 

—0 35 

*f 0 

1 

] 40 JT 

-1 45 


-0 33 j 

“0 :t5 


( 7 ) The cpocfjs of th.o m.'.xitmtnt values of the first cvimponcnt are accelerated itr 
a’tt tnt't'.ibr. .at sl.islorts in deep and wtU-drfiited valleys at low or high alti- 
tudes. The tuo following tables give data in illiistr.ation for l.ch, Srinagar, 
Sib'ag.tr, Ci' aipara and IMtubti, all of uhich come within this category. 
The d.-.ta ere obtained in the .•^.amc manner as the data in the two preced- 
ing tables. A i!'-g.aisvc sign in tlic second t.iblc indicates relative acceleration 
r.O'l a po-iiive ‘-igo ret.'itdation : — ■ 



a t; a 
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Statioh. 



Variatjos or epoch from norual ih 



Jantiary- 

March. 

May. 

• July. 

September. 

' November*' " 

ofjeat. 


-H. M. 

H. M. 

n. M,’ 

II. M. 

. JI. . Mv 


, - . H., S. ' 

Leli 

— r 46 

—2 7 

-^3 9 

-I 43 

— 2 ' 0 

—a 0 

“2 10 ‘ 

Srinagar 

+3 7 

— 0 56 

—2 12 

— 0 4(1 

-1 44, , 

—1 18 '■ 

l.'SO f‘ 

Sibsagar 

-1 29 

-j 7 

-034 

— 0 38 . 

—0 4S 

■— i 8', 

' —0 S9 ; 

Goalpara 

— i 23 

-0 57 

-0 I 

1 12 

—I, 8 

—0 48 ' 


Dliubri . 

—1 14 

-I 8 

—0 23 

-I 4^ 

' 

~i ■ 5 


-> 9-'. 


The data indicate that the acceleration in the Assam valley is on the mean dayr- •. 
of year almost exactly one hour. At Leh, in the upper valley of the Indusj - 
it averages 2^ hours, and at Srinagar in- the Kashmir Valley - i-g hours’.' ' 

(8) The epochs of the maxima and minima values of the first component . are 
considerably retarded at stations on the crests of mountain r^ngesi, as is 
shown by the following data for Agustia, Simla and Pa'chmarhi . ' 


Station. 

Maximum epoch of Ui in ■ , , 

January- 

March. 

Afay. 

July. 

September. 

November* 

Mean day 
of year, . 


It. “• 

U. M. 

n. M. 

H. M. 

n M. 

ii* M. . 

. n.' >1. ■ 

Simla 

13 20 

14 2 

ll 21 

■ 8 .46 

it 9 

11 21 

It .38 

Pachroarhi 

8 50 

8 49 

8 8 

7 57 

7 32 

8- so' 

8: 28.- 

Agustia . 

12 28 

II S 3 

7 II 

8 34 . 

7' 44 

12 9 

9 55 


Station. 

Variation or erocii form normal ik . , » . 

Janun'y* 

March. 

' May. 

July.- 

September. 

November. 

Afean'tliy ' . 
of year. 

Simla . 

Pacbmarhi 

Agustia . 

H. >f. 

+3 40 

+I 18 

■46 46 

H. H. 

+5 17 

+ I 4 

+5 4O 

II M. 

•F2 S2 

-ho 39 

•f-i 16 

II. M. 

+ 0 46 

•I'O 4S 

■fa 46 

U. M, ' 

+2 59 , 

•I-o 47 

+3 '4 , 

' H, M. 

+2 59 

+ I 38 

+6 31- 

' ■ ii;’ M.'- 

■ +3 16 

•ft • 6 ' , 

■f4 7 . 


The data indicate that the epoch is considerably retarded at these hill stations. 
The amount of the retardation differs largely with , the season,? .more = 
especially at Simla and Agustia. The retardation is smallest in thcrains . 
and greatest in the cold dry w’eather.' It averages 4 hours for Agustia, - 
hours for Simla and i' hour for Pachmahri.. ' ' . ; 

(9) The epochs of the maximum and minimum phases of the first component are; ' 
latest in Extra-Tropical India in February and are earliest in the day .-in 
July. The epochs are practically 'constant throughout the rainy season. , 
The mean range of variation of the epochs during the year at these stations 
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aS^. 

is I hour jS minutes and varies between i hour 5 minutes (for Roorkee) 
t' ‘ and 3 hours 24 minutes (for Chittagong). 

(10) The maximum and minimum epochs are also latest in February in the 
Peninsula or Tropical India and earliest in June. The mean annual range of 
variation of the epochs is i hour 28 minutes, varying between 1 hour 16 
minutes (for Cuttack) and 3 hours 34 minutes (for Poona) . 

The following is summary of the more important features of the first component : — 

(1) The amplitude decreases slowly with latitude. 

(2) The amplitude varies largely at low level stations ill India, and is largely dependent 

upon local geographical and meleorolcgical conditions. 

(0) TAr amplitude is small at stations on mountain ranges and large at stations in 
mountain valleys. 

(./) The epochs of the maximum and minimum are slightly retarded with increasing latitude 
in all months. 

{51 The critical epochs are generally earlier at the coast stations than at plains stations in 
the interior in similar latitudes. 

(5) The critical epochs are largely accelerated at valley stations and are retarded at 
stations on mountain ridges. 

(7) The epochs ore earliest in the day in February and latest in the day in June or July 

The second component. — The second component is the most important of 
the four elements or components of the Besselian resolution of the diurnal oscillation of 
pressure. It is the constituent of largest amplitude and of least variation with season, or 
with local conditions. 

The (ollowing is an analysis of the more important and characteristic features of the 
epoch and amplitude of this component in India; — 

(i) The epoch of the maximum values of the second component is later with 
increasing latitude, the rale of retardation for the mean day of the year being very 
approximately aj minutes per degree of latitude in India between Lat. 18’ N. and 
Lat. 33° N. To the south of Lat. 18' N. it varies slightly and irregularly with latitude. 
The following table gives the mean epochs (a.. M, and P.M ) of the maxima values for 
different l.aiiiudcs between iS° and 33® - 


- 1 — 1 

IjilUatlf. NcflK 

Tnattmura epoch* 
of Ifie eccond conpooefil 
'fl meaft year. 













<A u. «n 3 r.U.) 

tS* 




• 

• 


• 



• 

• 

9 40 

30’ 











■ 

9 45 





• 








0 50 

24 * 




• 







. 

9 55 

iV 





• 







to 0 

iS* 




• 

« 


« 


• 

• 


10 5 

30’ 





• 







10 to 

3 »’ 







• 





;o 1$ 
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(2) The epochs of the maximum values of the second component are retarded willi ,> 
increasing latitude in every month of the year, the rate of retardation being practically ' 
the same throughout the year, and averaging 2-J- minutes per degree of- latitude; '.The 
following table gives maximum epochs in different latitudes in six alternate months of the - 
year:— • ■ 


Latitude, North. 


Calculated maxihuu epoch or the ehcohd 

COMPONENT iH ' ' 

January. 

March. 

May. 

July. 

September, . 

November. 






A.H. and P.M. 

a.m. and p.m. 

A.M. and F.M. 

A.H. and r.M. 

A.M. and P.M. 

A.si.and P.M. 

le” 

• 


» • 

* 

9 

34 

9 36 

9 36 • 

9 55 

9 35 

9 >5 

iS* 

■ 




9 

40 

9 42 

9 4» 

to 0 

■ 9 40 

5 ao • 

ao* 

• 


• • 


9 

aC 

9 48 

9 40 

m 5 

9 44 

,9 > 5 ’ 

aa' 

« 


• • 


9 

52 

9 54 

9 5> 

XO 10 

9 48 

»’32 

*4* 

• 


• < 


9 

58 

10 0 

9 56 

JO 15 

9 52 

935 

s6* 



■ • 

' 

to 

4 

10 6 

JO .1 

to 30 

9Stf 

- 9 4“ 

28’ 



» • 


to 

to 

to t 3 

to 6 

tO'2S 

to 0 

9 43 

JO’ 

• 


% • 

« 

10 

tc 

■ 10 18 

to It 

to 30 

to 4 

9 So 

ja* 

* 


« * 


to 

2a 

lO 34 

to 16 

«o 35 

to S 

’ 9' 55 


(3) The epochs of the maximum phases of the second component are earliest in' 
Bengal, Assam, Bihar, Rajputana and the eastern half of the North-Western Provinces in 
the month of November and in the western half of the North-Western Provinces, Punjab 
and Sind in the month of October. They are, on the other hand, latest in the day in the 
month of July at the majority of stations in these areas. The following gives the mean 
epochs and range for each month of the year for Extra-Tropical India: — 


Hoftrn. 

Hatra-Tropical India. 

Mean epoch of 
maximum 

A u. and r,M, 

Range 

of 

variation. 








JL 

M. 

Min. 

January . 


• • 





9 

58 

41 

Februffry • 


• 





ID 

7 , 

43 

M.Trch . 


• » 





to 

7 

39- . 

April , 





1 


to 

6 

41 

May 


• • 





10 

6 

37 

■June 







10 

IX 

' '34 

July 


• • 





JO 

»7 

32 

August 


• » 


t 



10 

13 

' 33 

(September 







10 

1 

25 

October « 


• * 



« 


9 

46 

34 

November 


• t 





9 

'44 

35 

December 







9 

51 

41 

Year • 


• • 





to 

3 

37 
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The mean range of variation in Extra-Tropical India is hence 37 minutes. It is least 
at Sibsagar (20 minutes) and greatest at Calcutta (43 minutes), Roorkee (43 minutes), 
Kurrachee and Srinagar (each 42 minutes), Deesa, Lahore and Dhubri (each 40 minutes). 
The range is also least in the rains when it is practically uniform in amount at all stations 
in Extra-Tropical India averaging 36 minutes. 

(4) In Tropical India the epochs of the maximum values of the second component are 
earliest in November (9-28 A.M. and P.M,} and latest in the rains in July (9-58 A.M, and 
P.M.). The mean range of variation is hence 30 minutes. The following gives data for 
comparison '. — 


Mosul. 

Tropica 

Mean epoch of 
maxtmnm 

A.ii. and r.M. 

ISDIA. 

Ran^c 

variation. 









\U 

lU 

Min. 

Janu.-vry . 


• 

• 




4 

9 

42 

72 

February 



t 





9 

S3 

26 

March . 








9 

50 

2 S 

April . 


« 

« 





9 

47 

3* 

May , 


• 

« 





9 

47 

29 

June 


« 

« 





9 

54 

27 

July 


« 






9 

S8 

23 

August • 








9 

55 

33 

Scpietnber 


« 






9 

41 

53 

October . 



• 





9 

29 

27 

November 


• 

• 





9 

3 S 

2 S 

December 








9 

36 

25 

Year . 



« 





9 

4 S 

23 


{5) The amplitude of the second component presents considerable differences in 
different parts of India. 

The monthly values which are given in Table CXV at the end of this section for con- 
venient reference have, in the great majority of the cases, two maxima and minima in the 
course of the year. The absolute or primary maximum and minimum are very strongly 
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marked, but the secondary maximum and minimum are very feebly exhibited and ar^ 
absent at the following stations ; J 


Asca. 


Thohoai. Ikwa 


Extra-Tropical India 


Trivandrum. 
Bombay. 
Poona. - 
Cuttack. 


Station. , 


Sibsagar. 

Goalpara. 

Agra. 

Kurr.achtc. 

Srinagar. 



Most of these stations are on or in the immediate neighbourhood of the sea coast ' 
or in the damp Assam and Kashmir Valleys. 

(6) The absolute maximum occurs on the mean of the whole of India in the month of 
March. The amplitude differs very slightly in amount in February and March. The ' 
following gives data of the absolute maximum amplitudes at stations in Tropical India 


Month of absolute maximum AMfLiTune 

. Station. 

. Absolute 
tnaxiroum 
aroplitade. 


Trivandrum .... 

9 

•04775 ; > 

1 

Trichinopoly .... 

-■OS 2 S 3 

Febrdart . . . , , I 

Bcllaty ..... 

•<HS 7 S 

1 

Bombay . . ... . 

*04400 


Madras ... . . • 

• 04 S 7 « 


Rangoon ..... 

• 0453 * 


Belgaum . • ' . . . . 

• 0475(5 


Poona . . 

•04870 

Marcb . . . . . • 

Nagpur . . . ... 

•04631 


Cuttack ..... 

•04695 


Pachmarhi , . . ... 

•03615 


Jubbulpore' . ■ . . . ' . 

•04063 

y\jrKtX' • ■ f • * ' , • 

Chittagong ' , . . . 

•046S5 ' 
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Hence the maximum amplitude occurs at four stations in February, at eight in 
March, and at one (ms., Chittagong, a station which presents several abnormal pressure 
features) in April. If it be assumed that the mean value for any month corresponded 
closely to the daily value for the middle of the month the epoch of the absolute maxi- 
mum amplitude in the Peninsula or Tropical India hence occurs about the end of the first 
or beginning of second week of March. The maximum values also indicate or suggest 
that the amplitudes decrease slightly northwards in the Peninsula, and are somewhat 
greater for the interior than the coast stations. 

The following gives corresponding data of the epoch of the absolute maximum at 
stations in Extra Tropical India ; — 


Uomn OF .\tisot.uTE uaximum amflituos 

StattoQ. 

Absolute 

maximum 

amplitude. 

December 

Sibsagar ..... 

V 

■04237 

January . . , . . ^ 

Lucknotv ..... 

•0363s 



Srinagar ..... 

•03174 

j 

Deesa 

•04092 

1 

Kurrachcc 


February / 


1 

Agra ..... 


1 

Lahore ..... 

•02882 


Calcutta . « . . . 

•o 4 Sto 


Goalp.ira ..... 

•04639 


Dhubri « * • • # 

•04615 


Hararibagh .... 

•03727 

March ( 

Patna ..... 

•04165 


Allahabad 

•0399s 


Jaipur ..... 

•03683 


Sirn1«x « * • • • 

•02400 

. 

LrCh •••«•• 

'02273 

ArEit 

Roorkee 

• 03 SS 3 


The date of occurrence of the absolute maximum amplitude is more variable in Extra- 
Tropical than in Tropical India. It occurs at one station in December, at two in 
January, four in February, nine in March and one in April, and on the mean of all at the 
end of the fourth week of February. It hence is not only more variable in Extra-Tro- 
pical India than in Tropical India, but occurs slightly earlier (about a fortnight) on the 
average of all stations. 

(7) The absolute minimum occurs almost without exception in the month of June or 
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The following gives the 'epochs and of the minimum vaiues. at stations'.'- 


MONljll OP APSOLOTE niXlMUJl AMrUtBDE 

Station. , , ^ . 

• ^ AJjSoiut 2 

' minimum ' 

' amplittu'*. . - 

' 

Augustin • 

;o26sS 

1 

Trichinofoly . . ■ , 

, ■ - ''049.38 

Jusr. 

Aden • • • • , > 

•029l7^ 

. 

Belgaum • . • • • 

-oapaS ■ 

\ 

ChittagoOff . i . . 

•05157. ' 


I'rivandrum . . , 

, ' • 033?6 ' 


Madras • • . . \ . 

' ‘0383'' 


Bombay • • , • . 

' *02900 


Rangoon • • • ' ♦ . ^ 

. ' '03338 ;• 

July 

Bcllary • . • ■. . ' . 

•03425." 

Poona * • . • * , ' . 

•03043 


Nagpur . • . . . 

* 0»527 


Pachmarhi ... . . 

•ojfi65' 


Cuttack . . • . . . 

■03IPS , • 


Jubbulporc . . , . . 

•03 125’ 


It hence occurs at ten stations in July and at five in June and 
beginning of the second week of July. 

The following gives corresponding data for stations in Extra 


Month of adsoluth minimum amplitude. 

Station. 

f^Usotutti 

mlnJmurn 

Rmpiitodc. 


Dhubri 




\ 

•03400 , 


Hazaribagh 





•02859, , 


Allahabati 





•03228 


Luckno'V • 





■ '02035 , 

JUN-E 

Roorkce 





•02712 


Kurrachco 





•02386 ' 


Simla 


» 



•01789. i 


Srinagar • 


• 



•02056 


Leh . . 





•01G46 


Calcutta ■ 

• 

• 



•03483 


Sibsagar « 


• r 


• 

' 03 it 4 

, 

Patna > 

• 




’03437, ■ 

Jwey . . . , 

Agra , . 




■ 

. '03003 , 

Jaipur . . 





-■O2S63; 


Decsa 





■ •032:0 


Lahore > 





■•02152' 


on the mean, of all at the 
Tropical India :- 
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Hence the absolute miniraum amplitudes occur at nine stations in June and at seven 
in July, or on the mean of all at the end of June, and hence about a fortnight earlier than in 
Tropical India. The data show also that the amplitudes are less at coast stations than 
at corresponding stations in the interior and that they decrease with increasing latitude. 

(8) As already stated^ the secondary maximum and minimum values are very feebly 
marked, and are absent in nine out of 32 stations. 

The following gives the epochs and amplitudes of the secondary maximum at nine 
stations in Tropical India; — 


Month of efconoarv iiA-TiitUM 


Station. 


Secondary 

matirnam 

AMTUTUDE. 





amplitude* 


Madras . 



• • 

II 

•04+74 


Trichinopoly 



• • 

•04980 

OCTOREE { 

Rangoon 




•04108 

' 

Bclpaum 



* * 

•04303 


Nagpur . 



• « 

•04034 


Jubbutporc 



• • 

•03734 

Novemdee . . , . < 

Aden . 



* • 

■04281 

1 

Pachmarhi 




•034U 

DECE'JBEB 

Bcllary . 



• 

•04566 


The data indicate that the secondary maximum occurs in October in the Peninsula. 
The only exceptions are Bellary and the hill station of Pachmarhi. The mean value of 
the secondary maximum is *04310, 

The following gives corresponding data for Extra Tropical India: — 


Month OF secondatiy maximum 

AHTLITCDE. 

Station. 

Secondary 

maximnm 

amplitude. 


Calcutta . 




• 


fi 

•04152 


Dhubri . 

• 

• 




.•04168 


Harnribagh 


• 




•03537 

September .... 

Patna 




• 


•03928 


Allahabad 


• 




•03679 


Lucknow 






•03141 


Leh 





• 

• 02 ' 27 S, 

C 

Jaipur . 




• 

* 

•03346 

October • . • *3 








( 

Lahoru , 






•02613 

( 

Deesa . 






•03930 

November . • . •3 








( 

Roorkee . 






•03417 


2 n » 
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The secondary maximum occurs in September at most stations in Extra-Tropical ; 
India, but is delayed until October or November in North-We'stern-lndia, represented'by ' 
the stations of Roorkee, Lahore, Jaipur and Deesa, This epoch is hence, as a rule; a ' - 
month earlier in Extra-Tropical than in Tropical India, ' , ' 

(9) The following gives the epochs and amplitudes of the secondary minimum at 
eight stations in Tropical India : — 


Month of skcondarv minimum 
A urtlTUDE. 

Station* 

Secondary inmv 
mum amplitude. 


Madras . 

• » 

« • 

■ 

e 

■0438+ 


Rangoon . 

9 • 

* • 


■03S80 

November . . , .j 

Bellary . 

• • 

« t 


•04516 

Belgaiim . 

• • 

• » 


'04282 


Nagpur , 

« « 

• • 


•03987 


Jubbulpore 

• • 

• • 


•03605 

December , . . , j 

Paclimarht 

Aden 

• « 

• • 

• • 


■03323 

•03417 


The secondary minimum occurs in November in Tropical India, and hence in the. ' 
month following tlie secondary maximum. This latter relation moreover obtains for the .. 
two exceptions to the occurrence of the secondary maximum in October. The mean 
value of the secondary minima values in Tropical India is ’04IC9", and hence only '00205''. 
less than the mean secondary maximum value in that area. This variation is hence.; 
very small, its amplitude at most stations in that area being less than two thousandths > 
of an inch. 

The following gives corresponding data for Extra-Tropical India : — 


Month of sbcondarv minimum 
amfutude. 


Station. 



“1 

Secondary romi- 
mum amplitude. 


Calcutta 


« 




9 

' -03913 

\ 

Dliubri 


• 




•04085 

October . • « , \ 

Patna 

« 





•0378S 

\ 

Lucknow . 



• 



•03103 

/ 

Hazaribagh 






'03214 

1 

Allahabad 






•03546 

November . ■ . . . < 

Lahore 






, ’02533 , 

\ 

Jaipur 






•63291 


Deesa « 






•03876 

December . « . . • 

Roorkee 

• 



• 

• 

' •63226 
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The secondary minimum occurs in either October or November at the great 
majority of stations in Extra-Tropical India, and, as a rule, in the month following the 
epoch of the secondary maximum. 

(10) The following table gives the mean monthly values of the amplitude of the second 
component for six groups of stations, and as a summary for convenient reference of the 
data in table : — 


Apxa« 

Mean uosTiitv values or the AMruruDE or the second 

COMPONENT IN 


>» 

rt 

rt 

a 

JQ 

. 

u 

rt 

c 

c. 

i 

c 

*3 

9 

9 

< 

September. 

C 

V 

J3 

0 

0 

E 

c 

> 

0 

2S 

December. 


■ 


■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 


Ex!m Tropicallndia, Intind . 



*03569 

•03720 

-03400 

•03113 


1 

■03353 

■ 

•03538 

•03606 


En’.ta-Topic.it Indi.i, Co.nt 

03854 

•O4O4O 

•040:3 

•03S75, '03449 

'03032 

•03145 

•03389 

•03643 

•o;-s 63 

■03749 

•03804 

Tropical lr.di.i, Inland . 

•04530' -04749 

•04767 *044051 •0405$! *03397 

03349 

•03761 

•041S9 

■0443' 

•0437' 

•04371 

TropiCil Indb, Cocst • 

•04414 

•0456S 

•0434S 

•0431; 

•03S94 -03533 

•03341 

•03665 

•04022 

•04305 

•04359 

•04314 

•Mountain crest stations . . 

•03531 

■orfioS 

•«S37 

•03043' •o:6t>g 

•02224 

1 

1 

'■02372 

; '03573 

•03607 

•02S2S 

•03603 

•03891 

Mountain vallei" stations . . 

•o:S6C 

■0:759 

f 

.‘0293; 

•0:703 •03410 
1 

1 -03176 

j -03387 

|0335i 

•03769 

•03769 

•03831 

j-02764 


The preceding data show closely the chief features of the annual variation of the 
amplitude of the second component. The absolute maximum occurs generally in March 
and the absolute minimum in July in the plains and in June at the mountain stations* 
The sccond.ary maximum and minimum are very feebly marked. 

(i 1) The following table gives the me.an epochs of the first maximum phase of the 
second component in its diurnal variation : — 


Area. 

Mrxn EPOCH OF Tiic riK^r maximum 

rits5“ or Tur 

inCOND 

COKPOSTKT m 


>% 

9 

c 

M 

rt 

s 

g 

j: 

c, 

< 

:= 

c 

t. 

3^ 

*5 

»-* 

tJ 

u 

< 

September, 

c 

s 

c 

'/i 

S 

E 

u 


H. .M. 

(1. M. 

H. M. 

II. M 

H. M. 

II. .M. 

H. M 

n. .M. 

II. M. 

11. M. 

H. M. 

H. M. 

Ejctra-Tropical India, Inland • 

9 59 

to 7 

.0 7 

to 6 

10 6 

10 11 

10 17 

10 12 

10 2 

9 47 

9 46 

9 S3 

Extra-Tropicn! Indli< CoAit . 

9 53 

10. S 

10 7 

10 6 

10 b 

10 17 

10 15 

10 9 

9 57 

9 39 

9 36 

9 43 

Tropiral Indi.T, Inland . 

9 43 

9 55 

9 53 

9 49 

9 48 

9 56 

10 0 

9 56 

9 42 

9 30 

9 30 

9 3.0 

Tropical India, Coast « 

9 40 

9 48 

9 46 

9 45 

9 47 

9 55 

9 57 

9 51 

9 39 

9 =4 

9 23 

9 3" 

Mount crest stations 

10 3 

10 17 

{ 

10 15 10 8 

.0 

10 9 

10 34 

10 17 

10 3 

9 47 

9 44 

9 51 

Mount.am valley stations . , 

fo a 

10 9 

10 Sio 1 

1 

to 4 


10 19 

to ts 

9 59 

9 55 

9 53 

9 S(> 


The epoch of the first maximum phase is earliest in October or November, and latest 
in July at all stations almost without exception. The earliest epoch (in November) aver* 
3ges 9*44 A.M. in Extra-Tropical India and 9*28 A.M. in Tropical India, and the latest 
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discussion of the results of the hourly PUSERVATJONS 


epoch (in July) is 10-17 A.M. in Extra-Tropical India and' 9-58 A.M., in, TropicaMtidia.' : 
The range of variation is 33 minutes in Extra-Tropical India and 30 minutes in.Tropica 

India. .- 

The local variations in the epoch of the maximum phase' are small. It is, on the- 
average of the year, 8 minutes later at Pachmarhi ■ than at Nagpur, 14 minutes later at ' 
Simla than at Roorkee, and 14 minutes later at Augustia than at Trivandrum. It is, on 
the other hand, slightly earlier than the norma! at Leh and Sibsagar. ' ' ’ : , - 

There is hence a slight retardation of the phases at stations on the crests of rrioun’. 
tain ridges and a very slight acceleration In mountain valleys. ' : ■ , 

(12) The following table gives the epochs of the first maximum phase of the second ' 
component in its diurnal variation in different latitudes in India for the months of January 
April, July, September and November ; — 


Latitude 

N. 


Mean keocii of the pirsf uaximvm 

PHASE OP THE SKCOHD COMPONENT IN 

1 1 

January 

Apnl, 

July. 

September. 


0 

A.M. 

A.M. 

A M. 

A.M. 


TO 

9 

30 

9 

45 

9 

so 

9 35 

9 

i 

15 

9 

40 

9 

so 

9 

55 

' 9 40 

'9 

22, 

20 

9 

45 

9 

55 

10 

5 

9 45 

• 9 

25. - 


9 

Sn 

JO 

0 

10 

10 

9 SO 

9 

30 

25 

9 

55 

10 

5 

10 

IS 

9 55 

9 

40 

27{ 

10 

5 

10 

to 

10 

20 

ro • S 

• '9 

45 

30 

10 

10 

10 

15- 

10 

30 

10 5 

9 

$0 , 

32 

10 

>5 

to 

50 

10 

35 

10 s ■ 

9 

S3 - • 


(13) The amplitude of the second component decreases with elevation and approxi- 
mately proportional to the decrease of pressure. The following gives data for two groups 
of stations, viz., Agustia and Trivandrum, and Simla and Roorkee. 


Month. 

RaHo of values of 
Uj for Agoslia 
and Trivandrum. 

«atio VI actual 
pressure 
for Aguslia and 
Trivandrum. 

Ratio of values of 
Uafor Simla and 
Roorkee. 

Ratio ot cettui 

pTESSWe 

for Simla atvd 
Roorkee. 

January . 

• 

« 

• 


•64 

•81 • 

•62 

••So ■ 

February . 

« 

t • 



•62 

•81 

’67 

•So 

March , 


f • 


• • 

•69 

•8t 

72 

' - ‘So 

April 





•81 

•8t 

•67, 

•80, 

May . 


• 


» • 

•84 

•81 

•63 

'So 

June 

• 

• • 


• » 

74 

■81 

■66 

•80 

Jnly 


• « 


• t 

•79, 

■81 

•71 

•So 

‘August 

• 

* • 


• • 

79 

•81 

•69 

•80, ' ■ 

September 

» 

• » 



79 

•8t 

■65 

•So 

October . 

t 

• • 



77 , 

•Si. 

•67 - 

'80.' ’ 

November 

t 




•68 

•Si 

*62 

*80 ' ' 

December > 

• 

» 


• • 

75 

•81 

' 

'73 

. . '80 • , 

Ycfir . 


» • 


• » 

73 . 

•81 

.67 

*80 
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The data show that there is a coirs'iderable variation in the ratios of the amplitudes 
at high and low levels, independent of the actual pressure. 

The following table gives data for Leh and Srinagar (compared with Lahore) simi- 
lar to that in the preceeding table of page 292 : — 


MOKTtl. 

UMto ot vatutft Uj 
for lach and 
LaV.orc, 

Rfttto RCltsnl 
pressure for Lch 
ond Laliorc. 

RaWop! values. U- 
for Srinajjar and 
Lahore. 

Ratio c( actual 
pressure for Srinagai 
and Lahore. 

January 



* 



•;6 

•f>7 

1*23 

■Ss 

February 



• 


• 

•;2 

■67 • 

•94 

•S5 

Marcb . 





• • 

•So 

•67 

fc3 

•86 

April 





ft • 

•67 

•67 ■ 

ro3 

•80 

M.ay 





• 

•74 

•69 

•93 

•S6 

June . 





« • 

•70 

■66 

•S3 

•So 

July 





« • 

•S4 

•66 

rii 

■S6 

August . 





• a 

•/9 

•66 

•i>s 

•86 

Scsterr.ber 





• ft 

•89 

*63 

fc5 

•86 

October . 





« ft 

•S5 

•69 

1*10 

■E6 

Nevember 





ft • 

•S3 

•67 

'■17 

■Ss 

Dret!T.t?cr 





b • 

•78 

•67 

i‘;o 

•Ss 

Year 






•S2 

•69 

rop 

•85 


(14) The amplitude of the second component is slightly less at stations on the sea 
coast than at stations in the same latitude in the interior. 

The following gives examples! — 



rtATto or v,M.ucsor t!. rOR 

Tnth’ir.np-~dy tt> 

Mean ot Poona, 
anil N’.ncpur 
ta lJv'*n'.6ay. 

CalculU 

to 

Mean of Bellary 
and Tnchtnofoly 
(0 Aden. 

Mean of Patrji 
and 

AKahaKad 
lo Kuuathec. 

Jamury 





ft 

rcS 

>•03 

t'U 

*•55 

VO'i 

Ftbruary 





• 

ns 

fo5 

1-07 

l-jp 

ro5 

March , 





» 

ri3 

'*>3 

v^^ 

>‘39 

\’l6 

April . 





ft 

1-07 

roo 

ro6 

1*29 

\ 21 

Mr.y . 




• 


t'U 

1*09 

*•>3 

J-27 

1-47 

Juno 






I -03 

ro2 

1*10 

1'29 

>'4J 

July 






rc<j 

ru3 

ro3 

ri7 

1-32 

Au;;uj! . 





. 

flO 

ros 

«'I3 

*•44 

>•33 

Scplctr.bcr 

■ 





fop 

l'o3 

ro5 

I •44 

>•34 

October 

• 





rii 

ro2 

I'oG 

1'28 

1*20 

Sovrtr.ber 

• 





ro7 

o'pS 

no6 

l^oS 

ro7 

Dctcmbcr 






1*02 


ri4 

>'33 

1*03 






























394 ’ DISCUSSION OP THE RESULTS OF THE HOURLY OBSERyATIONS 

The preceding data show that the amplitude at coast stations in India is slightly, 
less than at stations in the same latitude in the interior. ,, The differences are small' in ' 
actual amount and vary very slightly throughout the year. ' ' . . , ■ ■ ■ , , 

(15) The variations in the amplitude o£ the second component are practically the same 
in relative amount over the whole of India. This may be shown .either lot groups of sta-' 
tions or for single stations ; — , 


{/} Groups o/.siattons. 


Abba. 

?anuarr. 

March. 

June, 

c 

1 

September. 

. ’ ’ .• 

. Ratio. 


a 

b 

d ' 

, Jl 
*”a 

H 

m 


u 


1 

« 

1 ' , 

0 




Extra-Tropic.nl India, Inland . . 

•0372J 

•o38Gi 

'03113 

•0353s 

104 


l-H 

Tropical India, Inland . . . 

■04532 

•04767 

*03397 

•04189 

ros 

' 1*40 

1 ■ 

. ‘ ?'24 


The following table gives corresponding data for eight representative stations in. - 
different parts of India 


(5) Single Sloiions. 


Statioh. 

January. 

a 

March. 

b 

JODC. 

c 

IH 

Ratio. 

-i. 

a 

B 

A ' 

c , . 




» 



* 



‘ ■ 

Lahore . 

• 

• « 

■02597 

•02829 

,•02340 

•02557 

•ro 9 

1*21 


Allahabad . 

* « 

• • 

•£'3654 

•0399s 

•03228 

•03679 

- I’OP, 

' 1*24 

‘ 'ri4 

Calcutta 

• 4 

• » 

•04214 

•04510 

■0351s-'. 

•0415a 

1*07 

rsS 

-ri8 

' 

Kurrachcc • 

• * 

4 4 

•03652 

•03514 

•023SO 

■02845 

o ’96 

1-47 

i‘J 9 

Nagpur 

* « 


'042^8 

•04631 

•03305 

,•03911 

^ T09 

r 4 o 

' 

imS> 

Trichinopoly 

• ^ 


•04803 

•051^3 

■04038 

■ •04843 

/ l’07 

I •37 

'1‘SOt 

Bombay 

• 


'04290 

' 

*04210 

•03200 

•0377b 

o'gS 

. , i‘ 3 a ’ 

, fJ8 ' 

Madras . 



'<’4438 

•04571 

•03936 

•04449 

1‘03 

ri6 

■ 



The data show fully that the amplitude of the second component increases or de- 
creases from one period of the year to another by alhiost exactly the same relative amount 
over the whole of India. This.is a strong confirmation of the inference from the wbole'of: 
the data that the second component depends mainly upon general and not upon local, 
conditions. . . ' 
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(16) The amplitude of the second component varies very considerably in actual 
amount in India, ranging on the mean day of the year from ’04686' at Trichinopoly to 
•02450° at Lahore. It is apparently a function of the latitude and various investigators, 
more especially Hann and Angot, have utilized the whole of the available data to give ex- 
pressions for the amplitude in terms of the latitude. Hann’s formula will be found in 
chapter IX of the present memoir. 

The following gives a comparison of the amplitudes of the second component for the 
mean day of the year with the normal values, as given by Hann's formula, for the latitudes 
in which these stations are situated : — 


Akea. 

LaCN. 

Statioh. 

Actual ampIU 

tude on the 

mean day 
of the year. 

Normal ampli- 

tude on the 
mean day 
of the year. 

Variation 

from 

normal. 









r 

/; 

Ml 



Trichinopoly 






•0469 

•0358 



15° 

Bell ary . 




• 


•0421 

•0343 



1 6” 

Bel gaum . 




• 


•0404 

•0386 



18’ 

Poona . 






'0404 

•0327 

+■0077 


21** 

Nagpur . 




• 


•0394 


+•0083 


23' 

Calcutta • 




« 


•0401 

•0307 

+•0094 


23° 

Jubbulpore 






■0364 

•0299 

+'0065 

I.NUNO Stations .( 












24° 

Dees.! 






•0370 

'0295 

+•007^ 


23° 

Allahabad 




• 


■0358 

•0284 

•I-'0074 


26’ 

Patna . 




• 


•0384 

'0284 

+•0100 


27° 

Agra 






•0347 

■0276 

+•0071 


if 

Jaipur • 






•0331 

•0276 

+•0051 


30” 

Roorkee . 






•0315 

•0236 

+•0059 


32° 

Lahore 






•0245 

’0240 

+•0005 


9’ 

Trivandrum 






•0429 

•0363 

+•0064 


13° 

Madras 






■0433 

■0354 

+ •0079 


23° 

Aden 






•0354 

•0350 

+ •0004 

Coast Stations .( 













Rangoon . 






•0399 

■0335 

+ 0064 



Chittagong 






•0369 

•0303 

-f '0066 


B 

Kurrachee 






•0311 

•0287 

+‘0024 


The preceding data show that, employing one of the formulae which fairly represent 
the general facts of the annual variation of the amplitude of the second component, the 
amplitudes in India are in all cases larger than those of corresponding latitudes. The 
differences are large and fairly uniform in amount over the whole area. They are slightly 
less in amount at the coast than the interior stations, and are locally small at Lahore, 
Belgaura, Kurrachee and Aden. The comparison is not possible for seasons or months. 

2 M 







-jg6 DISCUSSION OP THE RESULTS OP THe'hOURLV OBSERVATION’S ’ 

17. The amplitude of the second component is probably slightly larger in mountain 
valleys than at the same level in the open. The chief examples are Leh and Srinagar • 

The following gives a summary of the chief features of the second component of 
the diurnal pressure oscillation in India : — 

(/) The second component has the largest amplitude of all the components of 'the BesscUan 
resolution of the diurfial pressure oscillation in Jiidia. The following gives comparative data of , 
the first and second components for the mean day of the year and also' for the dry and sxtf 
seasons ; — • , ■ - > • 


Area. 

AwruTuOE OF LV 

Amplitude of Uj. ' 

Mean 
of icar. 

Drj' 

seasons. 

Av'cl 

season. 

Mean day 
of )caf. 

Dry. 

reason. 

Wei'. 

season, 

' 




tf 


. // 

— 

Extra-Tropicnl India . 

•02743 


*03709 

'03526 

•0369 1 

■03255 

Tropical India , , • . 

. 

■02399 


•02018 

•04136 

. '04394 ‘ 

’ 'oibig 


(3) The second component is on account of its magnitude, the most important feature- of, ike 
diurnal oscillation. The ratio of U„ to i/j is larger for Tropical than for Extra-Tropical India, 
as the first component is smaller for the former than the tatter area, and the second component 
larger. 

(3) "^hc second component at low 'level stations is independent to a remarkahle extent of 
local conditions, and is chiefly a function of the latitude. The amplitudes of the second compomnt 
at all stations in India'except Lahore, Bclgautn and Kutrachec, and also at Aden, are considerably- 
larger than the normal values at stations in the same latitudes, as deduced by Hann and Aiigot. 
This excess is nearly eonstant in amount, but is slightly smaller at the eoast stations, and slightly 
larger at the interior stations in South India than at the remaining stations. 

{4) The amplitude of the second component is very slightly less at coast stations than at sta-, 
lions in the interior in the same latitude in India. The differences are very smalt. 

(y) The amplitude of the second component decreases with elevation at approximately the same . 
rate as the actual pressure decreases. The rate of decrease is slightly less in the wet than the dry, 
season. ' " , • • 

(fl) Hence in open plains or in the open sea, the amplitude of the second component is ptocii- 
cally independent of local conditions and is determined by latitude and'by any. getietal cendtiions 
prevailing over large areas, as in India. 

(7) The rate of variation of the amplitude of the second component is nearly uniform overihe 
whole of India from one month to another or from one season to another. The ratio of the absolute 
maximum to the absolute minimum amplitude at any station is very approximately 4 1° 3- 

( 3 ) The second component has a fairly well defined double variation in the course of the year at 
the great majority of stations in India, vis., 24 out of go, for which data have been collected. At 
the remaining eight stations it has a single oscillation or variation. 

(p) The absolute maximum is in February or March, and the absolute minimum in ■ June cr 
July. _ ' _ ■ ■ 

(to) The maximum epochs are earliest at the most southern stations, and are later with in- 
creasing latitude. The range of variation differs very little with latitude and averages 40 minutes 
Jor the year. The maximum phase is earliest in the day in November, and is retarded from Novem- 
ber to July, when it is latest in the day and is accelerated during the remainder of the 'year. . The 
range of variation during the year in the mean epoch of the maximum phase is only go minutes. 

(//) The absolute minimum occurs in July in Extra-Tropical India Inland and in Tropical 
India, and in June in mountain peaks and valleys and Extra-Tropical India Coast; hence tending 
to occur earlier in coast and mountain districts., ' ' 
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(/--) The secondary maximum is in September in Extra-Tropical India and in October in 
Tropical Incita, and the secondary minimum in the following month in both areas. The ampli- 
iude of tins secondary variation is less than a third of that of the larger or primary variation 
from March to June. a r x 

[^3) The secondary maximum and minimum, are very feebly marked or are absent at most 
stations in Extra-Tropical India inland and Tropical India Coast. In the remaining plain 
districts they occur in consecutive months, i.e., in Extra-Tropical India Coast in September and 
October and in Tropical India Inland in October and November. It is hence evident they are not, 
strictly speaking, seasonal or related to the sun’s distance. 

"Ehe most important features of the second component are the occurrence of the maxi- 
mum amplitude of the variation in February or March and the minimum in July, and also the 
well-marked tendency to occurrence of both in the coast and mountain districts of India a month 
earlier than in the interior. 

The third, and fourth COtnDOlWntS, — The third and fouth components 
of the Besselian resolution of the diurnal oscillation of the barometer in India are very 
Srnaii in actual amount as compared with the first and second components. The 
following gives the values for the mean day of the year of .the first four components for 
Tropical and Extra-Tropical India-.— 




Value op amplitude for mean dav of year of 

Area. 


Fiist component. 

Second component. 

Third component. 

Fourth component. 




V 

*r 

V 

Tropical India . 


■02399 

•04136 

'0014.7 

•00134 

Extra-Tropical India . 

4 

•02743 

•03526 

'ooi6g 

■00104 


The mean or annual values of the amplitude of the third and fourth components are 
less than three thousandths of an inch and less than the mean probable error of a single 
observation in India, 

An important consideration is whether the third and fourth components represent the • 
effects of independent physical realities or actions (as Hann and Cole maintain) 
or whether they are merely terms in a mathematical expression, giving the same total 
(or hourly) values as the original data from which they are derived, or, in other words, 
whether they are simply harmonic components, in which case the third component would 
be chiefly related to the first, and the fourth to perhaps both the first and second. 

These two components undoubtedly present uniformities differing to some extent in 
character from those of the first and second components, thus suggesting the possibility 
or probability that they represent independent physical realities. 

The epoGlis and amjMtudes of the third The ampli- 

tude of the third component in its annual variation has a well defined absolute maximum 
and minimum. The absolute maximum occurs in December at four stations in Tropical 

.2 M 2 ■ 








DISCUSSION OF tHE RESULTS OF THE HOURLY OBSERVATIONS 


298 

India, and three stations in Extra-Tropical India, and in January at eleven stations iii 

Tropical and fourteen stations in Extra-Tropical India, as shown below:—. 


area. 

^Tonth o( abcolule or 
primary fnAximum* 

Station. P 

Absolute or 
nmary maittmnrr 

' amplitude. 



Rang^oon . 


0 


’0084'r 



Nagpur . 

0 

0 


•00045 

/ 

December . . / 







j 

Jubbulporc 

• 



■00512 


1 

Cuttack 

• 


• 

, , ‘oosSi 


/ 

Agustia , 

« 

0 

• 

.001 60 

Tbopicai. Isnu 


Trivandrum 

0 

* 

• 

•00384 ; ■ 



Trichinopoly 

• 


. 

•oozSz 



Jtadras 




•00456 



Bellary . 


* 


•00546 

\ 

January 

Beignum . 


0 


•00581 



poona • 




•00631 



Bombay , 




•00660 



Pachmarhi 

• 



•00643' ■ 



Chittagong 




.•007O4 '■ 



Aden , 

• 



•00530 


1 

Goalpara . 

• 



•01049 


December . i 

Bahore . 

• 

• 


8 

CO 


\ 

Lob 

% 



•00661 



Calcutta 

• 



•00S34 



Sibsagnr . 

» 



•00757 



phubri '• 

* 



•00936 

ExTRVTBOrlCAL i 


Patna . 

* 

• 


•00613 

Ikdu. 









Hazaribagh 

• 

• 


•00766 



Allahabad 

• 

• 


•00S41 



Lucknow . 


• 


•00781 


January . 

Agra 

• 

• 


'00700 



Jaipur ; 

• 

• 


•00849 



Deesa ■ • 

« 

• 


•00660 



Kurracbee 


• 


•00759 



Jtoorkee > 


• 


•00643 



Lahore . 


• 


•00718 

1 


Simla > 


• 


•00616 j 


The maximum values hence range between one thousandth and ten thousandths 
of an inch. They vary somewhat irregularly from station to station, and are apparently" 
not related to geographical position or local conditions, such , as elevation, distance 
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from the sea or mountain ranges, position in valleys, etc. The maximum values obtain 
at the great majority of stations in January and at the remaining stations in December, 
the tendency to occurrence in that month being slighily greater in Tropical than in Extra- 
Tropical India. The absolute maximum of the third component is hence even more regular 
in its occurrence over the whole of India, than those of the first and second componentsi 
the mean epoch being January (about the middle of the second week of the month so far 
as can be inferred from the data). 

The following gives corresponding data for the epoch of the absolute minimum 
amplitude of the third component ; — 


Month of absolute 
mmimum. 


Station. 

^ Absolute or 
primary mmimum 
amplitude. 

' Trichinopoly . 

•00022 

Rangoon . • . 

*00124. 

, Chittagong . 

•00 16 1 

1 Madras .... 

•OOII4 

Bellary .... 

•00064 

Bombay . . 

•00080 

Nagpur .... 

*00117 

Pacbmarhi . . . 

•00166 

, Jubbulpore . 

•00036 

■ Trivandrum . . . 

•00058 

Poona .... 

'00042 

Cuttack .... 

•00172 

Aden .... 

•00158 

Patna .... 

•00057 

Jaipur .... 

•00162 

Roorkee .... 

*00214 

Calcutta . • 

•00213 

Hazaribagh . 

*00098 

Goalpara . . . 

•00083 

Allahabad . > • 

’00163 

Lucknow t • . 

•00070 

Agra .... 

•00277 

Dcesa .... 

•00104 

Kurrachc® • » • 

•00120 

Lahore .... 

•00124 

Sibsagar 

•00120 

. Leb .... 

•00144 
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The absolute minimum is somewhat less regular in its occur'ren’ce'.than the absolute" 
maximum. It occurs during the period March to May and on the mean of -all '.stations' 
in April. There is a slight tendency for it to occur earlier in Extri-tropical than in 
Tropical India. , . . ' ' . . 

The mean of the absolute minimum values of the amplitude is 'ooioi" for, Tropical 
India, and ’00139" for Extra-Tropical India. 

The minimum values of the amplitude of the third component vary irregularly • 
from station to station and are apparently not related to geographical or local , conditions.' 

There are also a fairly -well marked secondary maximum and' minimum in the annual 
variation of the monthly values of the' amplitude of the third component. , . . 

The following gives data showing the epochs and amplitudes of the secondary 
maximum ; — ' ■ ■ - ' 


AnBA. 

Month of^ 

secondary maximum 
ompiitudc. 

Statjok, 

- Secondary , 
maximom nmp)j’*‘ 
tude; 

j 

May . . . 

Madras . , . 

Rangoon 


• 

ff 1 

’00291 ' 

•00247 . 


' 

Bcllary . 

• 


, 'oqzSg , 



Poona , 

t 


'00252 



Bombay . 

• 


■0037b 

TROnCAL I.VDIA 

]mic . 

Nagpur , 

• 


•oo3C(j 



Cuttack . t ' 

« 


' ’ooiSi 



CliUt.agong . ■ 

t 


•00411 


\ 

Aden ' . . 

. . 


■ 00.(39 


July . . . 1 

Dcigaum . , 

Jnbbulporc 



•00212‘ 

• *00199 



Calailta , ■ 

• 


•00451 



Dliubri , , 



■00430 



Patna . 



•00452 


May . . . 1 

Hazaribagh ' . 



•00379 



Allahabad 



■004S5 



Kurr.ichcc 



'OO347 

Extra-Tropical India ^ 


Lahore . ■ ■ , 



■00473 


, 

Goalpara 



, . '00456 . . 



Lucknow 



■00313 


June . 

Agra . 

Roorkce . ' . 



■0053* 

■00480 



Decsa ' . . 



•00394 ' 



Jaipur . 



■00469 
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The mean of the amplitude of the secondary maximum is •00296"’ in Tropical India 
and ‘00435" Extra*Tropical India. 

The following gives corresponding data for the secondary minimum ; — 


Area. 

Month 0! 

secondary minimum 
atnpUtude. 

Station. 

Secondary 
minimum ampli- 
tude. 



Trivandrum 




9 

•00045 



Rangoon 




•00036 


August . . / 

Belgaum 




‘001 39 


1 

Poona . 




•00184 


\ 

Jubbulpore 




•00103 

Tropical India ./ 


Madras . 




*00022 



Trichinopoly 




■00081 



Bellary , 




•00136 

, 

September , . 

Nagpur , 




*00199 



Cuttack . 




'00128 



Pachmarhi 




‘ 0023 S 



Aden 




■00036 



Calcutta 



t 

*00131 



Dhubri • 



• 

•00175 


August . , ( 

Lucknow 



• 

•00108 



Deesa . 




•00082 



Lahore • 




■ootSo 

Extra-Tropical India 


Patna 

Hataribagh 




•00143 

•00130 



Allahabad 




•ooiSl 



Agra . 




•00197 


September . 

Jaipur . 




•00130 



Kurracbee 




•00133 



Roorkec , 




■00133 



Srinagar. 




•ooiSo 



Simla . 




•ooioS 


The mean value of the amplitude of the secondary minimuih is ‘00112" for Tropical 
India and ‘00145* Extra-Tropical India. 

A noteworthy feature is that the critical epochs of the first and third components 
occur in the same months, and that the maximum epochs of one correspond with the 
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minimum of the other, and vice versd. There is no similar correspondence between the; ’ 
epochs of the second and third components. .The following gives data in illustration ■ 


PiiasK. ' , 

Epoch por 

First cdmpoQcnt 

Third component. 

Secondcomponent. 

Absolute Maximum • . 

Ditto. Minimum > . 

Secondary Maximum • 

Ditto. Minimum . . 

April 

July. 

Sepicmber* * 

Jnnuary • , 

■ 

January. ' . , 

April . , . ' ■ 

May or June 

September . , 

February or March. 

Juncor July.- v ' 

September or 

October. ■' - - 
October or Novem- 
ber, ' : . ' 


The following is a tabular summary of the chief results relating to the epochs and . 
amplitudes of the maximum and minimum phases of the third component : — • 


Phase. 

Period of phase. 

Mcin amplitude, 
Tfopical India, ' 

Mcanampliltfdej Extra* 
.Tropical India.*, 

Absolute or primary maxi- 
mum. 

January , 

•00541 , 

•00778 

Absolute or primary mini* 
mum. 

April . , ‘ . 

•00154 ' 

'OOI72 ' 

Secondary maximum . , 

May or June . 

'00247 

•00370 

Secondary minimum . . 

September . 

•00146 

' ‘00177 


The maximum values are at the Solstices and the minimum values at the Equinoxes . 
approximately. The extreme or critical values are all slightly larger in Extra-Tropical 
than in Tropica! India, and there is a very slight tendency for the minimum critical phases, 
to occur earlier in the former than the latter area. : 

The following is a summary of the data given In table CXVI, page 3io,atthe.. 
conclusion of this chapter : — ■ ■ 



Extra-Tropical India, Inland 
Extra Tropical India, Coast 
Tropical India, Inland , 

Tropical India, Coast , 

Mountain Peak . , 

Mountain Vaiiejf . , 


The preceding data indicate the large variability jn the- mean ntonthly values of, the ,• 
amplitudes. The ratio of the absolute maximum and minimum values is very approxi- 
mately 4 to I for plains stations. The corresponding- ratio: for; the .first and second 
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components is approximately 4 to 3. Hence the third component is three times as variable 
as the first and second components. The variability is on the whole greater for stations in 
Extra-Tropical than in Tropical India. It is also less variable in mountain valleys than 
at tne neighbouring plains stations, and more variable at stations on mountain ridges. 

The epochs of the maximum and minimum amplitudes of the third component are 
also considerably modified in mountain valleys. The maxima values at Leh and Srinagar 
are in the winter months and the minima values in July and September. 

In Extra-Tropical India, the amplitude of the third component is greater at the 
coast stations than the interior stations from November to May and less during the 
remainder of the year. These two periods practically coincide with the wet and dry 
seasons. In Tropical India the amplitude of the third component is generally smaller at 
the coast stations than the interior stations. 

The epochs of the maximum and minimum phases of the third component vary very 
largely during the year. 

The following gives the mean epochs of the first maximum for each month of the 
year in the six groups of stations adopted in the preceding table : — 


Asha. 

Meam Epoch op the third component. 

January. 

In 

rt 

9 

u 

1 

.c 

w 

<3 

S 

& 

< 

n 

•S 

June, 

9 

I 

August. 

September. 

October, 

November, 

ti 

% 

U 

0 


H. M. 

H. M. 

H. M. 

H. M. 

H. 

M. 

H. M. 

H. M. 

H. M.H. M. 

H. M. 

H. M. 


Extra-Tropical India, Inland . 

a 12 

2 20 

3 22 

5 S 

5 

49 

5 44 

5 43 

5 1713 23 

I 55 

I 59 

2 9 

Extra-Tropical India, Coast . 

2 4 

I 57 

X 24 

6 33 

6 

13 

6 9 

6 4 

5 54 2 41 

1 55 

> 51 

2 0 

Tropical India, Inland . . 

3 10 

2 29 

2 48 

5 S 

6 

6 

6 1 

6 9 

5 10 3 4 

2 20 

1 58 

2 3 

Tropical India, Coast . . 

« ss 

1 56 

I S3 

4 36 


19 

6 3 

5 35 

5 3 2 27 

I 36 

I 41 

I 42 

Mountain Peak Stations . . 

I 54 

I 37 

3 58 

4 21 

5 

20 

5 39 

5 42 

5 25^ 4 21 

2 26 

1 S3 

I 58 

Mountain Valley Stations 

I 58 

2 22 

2 13 

4 28 

4 

21 

2 16 

4 38 

2 45 2 44 

} 

2 5 

2 S 

2 13 


The preceding data indicate the very great variability in the epoch of the critical 
phases of the third component, the period of which is only eight hours. Thus in Tropical 
India, the first maximum phase of the day ranges between 1-58 a.m. and 6-9 A.M., an 
interval of 4 hours 1 1 minutes. The most remarkable feature is the sudden retardation 
of two to three hours which takes place from March to April, and a similar acceleration 
from August to September. This feature is unique. 

The following gives a summary of the more important features of the third com- 
ponent of the Besselian resolution of the diurnal pressure oscillation in India. 

(/) The amplitude of the third component is very small compared with those of the first and 
second components. The average valve for the mean daf of the year tn Tropical India is -oosi , 
and in Extra-Tropical India is -ooif, and is hence larger in the former than in the latter area. 

{s) The monthly values of the amplitudes have a -03011 defined double variation giving a pri- 
mary or absolute maximum and minimum and secondary maximum and minimum. 

(j) The absolute maximum occurs at the great majority of stations in both Tropical and 
Extra-Tropical India in January and at the remaining stations in Decmber. The maximum 

2 N 
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vnlues raiigf between -oos” at Agustia and ■oto' at Goalpara', and average •oogs''. in T rcpkal JndU ; '' 

and •oo’jb" in Extra-Tropical India, - ' ■ , 

{4) the absolute minima values occur during the period March to May and at the majority' ej ', 
stations in April. The mean value of the minimum' amplitude' is 'OOtof for Tropical India and '' 

•001 for Extra-Tropical India, . , 

(5) 'The secondary maximum occurs at the great majority of stations iH May or -June, on the, 

average of all stations in Tropical India in the third week of June and in Extra-Tropical Indid '-,. 
at the end of May or beginning of June, The values average 'ooipb" for Tropical India^md , 
•0043f for Extra-Tropical India, , ' ' ■ - ' 

{6) The secondary ininimum occurs in August at fen stations and in September at sixteen- 
siaiions and on the average of all siations at about the end of the first week of Siptember: .The 

amplitudes average ‘oo 112” for Tropical India and ‘0014 f for Extra-Tropical India, . ' . . , • 
(7) The most remarkable feature of the third component is that the epochs of the maximum 
and minimum values of the amplitude agree very closely with those of the first component, and that 
the maximum epochs of the one correspond with the minimum epochs of the other. 

( 5 ) A second remarkable feature is the large change of epoch of the maximum phasis in 
the diurnal variation at the stisiices , that is from March to April and from September to October 
when the epochs change suddenly by about two hours, . , 

The epochs and ampUUidcs of the fourth component.— iht 

fourth component is even more variable and irregular tiiah the third. In Tables CXVII : 
and CXXI are given data of the monthly values of the epoch and amplitude at sz.stations 
The chief feature of the monthly values of the amplitude is the occurrence of a well 
marked primary maximum and minimum. The primary maximum occurs on the mean, 
of all stations in Janua'ry and the primary minimum in June and July. Secondary maxima- 
and minima also occur, but in so irregular a manner that it is, not possible to, deduce'^ 
any general law as to their occurrence. 

The following gives data showing the epochs and values of the absolute maximum 
amplitudes;— , ■ 


Abe* 

Month of ab«oJulc maxi- 
mum amplitude. 

Statiok. 

Abfohitc ' 
or primary . 
maximum aoipli- 
tcdc. 



Bellary. , 

• 0022 $ 



Rangoon . , 

’00234 



Nagpur , 

•D0228 


December . . 



^ . 


Jubbulpore . . . 

•00269 



Cuttack . . 

•00236 


, 

Chittagong . 

•0032S 

Tbopic*!. India 



. 


f 

Poona .... 

•00256 , 


January . , .4 

Bombay . . 

•00340 


( 

Pachmarhi . . . 

•00243 


( 

Trichinopoly, 

•00206 


February. . . i. 

Madras . . , 

•00240 


( 

Trivandrum . . . 

•00221 



Mean . . . . 

'00353 




recorded at 25 stations in INDIA. 


Area. 

Month absolute inml« 
tnum amplitude. 

Station. 

Absolute 
of primary 
maximum amplh 
tude. 


‘ / 

Sibsagar 

• • 


0 

•00276 


1 

Dhubri . 

• • 

• 

•00276 


December . J 

Goalpara 


• 

•00348 



Hazaribagh 

• 

• 

•oojta 



Allahabad 

• * 


'00332 



Lch . 

. - . 


•00278 



Calcutta 



•00314 



I Patna . 


. 

‘00365 

E X T R A-Tk 0 riCAE 






IXDU. 


j Lucknow 



‘C0276 



Agra . 



•0033S 



Deesa , 



*00332 


Januarj- . . ./ 

Jaipur . 



•00319 



Kuiraclicc 

. t 


•002S4 



Roorkee 

t » ’ 


•00394 



Lahore . 

• • 


•0029S 



Srinagar 



•00349 

\ 


Simla . 


» 

*00301 



Mean . 


• 

•00328 


The d.ita irdlcatc that the cpocli of the absolute maximum is slightly earlier in Tro* 
pical than in Extra -Tropical India, occurring at the majority of stations in the former area 
in December and in the latter area in J.inuary. The maximum amplitudes are larger in 
the latter than the former area, averaging *00328'’ in Extra-Tropical India and •00252" 
in Tropical India, A noteworthy feature is the very slight variation in the maximum am- 
plitude in each of the two areas. 

The absolute minimum is much less regular in its occurrence than the absolute 
maximum. The following gives data: — 


AcrA, 

Month of absotclc mint* 
mum amplitude. 

Station. 

Absolute mini- 
tnum .nmpli* 
tude. 



f 

Bellary . . . 


0 

'OO03 


March 

1 

• -1 

Jubbutporc . . 


•00067 


1 

• April . 

• • 

Bombay . . . 


'00040 

TnoriCAt India 


/ 

Bclgaum . • 


•00067 



\ 

Trichinopoly . . 


■otoS6 


I June . 

• f 





M.adr.as . . . 


'00063 



1 

Poona . . . 


*00050 


a N 2 
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Atiba: 

Month of absotulcmaTi- 
mum amplUtidc. 

Statiok. 

' 

Abroiulc mmb' 
mum ampH- • 
tnde. 

' 

( 

Trivandrum . 


• 

'■ ‘00032 \ 


July . . . . . J 

Auguslia 


*00051 ' 


( 

Pachmarlii , . ' 


*00020 

Tropicai. India— , 

f 

N.n(?pur . 


•00036 

' conlii. 

September . . < 

ChUWgon£r . 


' *00023 


( 

Cuttack . . 


‘00022 


February . . ^ 

Sibsagar 

Goulpara . 


. ‘ooNS 

* 


'00102 


f 

Dhubri . . 


•0005S 



Kurracbee . 


, ‘ocoio 


March . . / 

Jaipur , 

• 

*00030 


1 

Srinagar 


*00148 


1 

Lch 

» 

■00058 


j 

Dccsa . 

« 

• *00036 


April . . . .J 

Lahore . 


‘00075 


( 

Lucknow , 


*00022' 


f 

All.aliab.ad 

' ' 

•00030 

Extra-Tropical India 

M.-.y . . . 1 

Agr.a . 


‘00100 


1 

Calcutta . ■ . ' 


*00051 


I 

P.itna . . 


•ooooS 


June - . . / 

Har.arib.agh . 


*00059 ' 


I 

Goal para 


*00139 



Sinila . 


*00022 

; 

July . 

Roorkeo . 


*00051 


The values of the absolute minimum are so small (in all but five cases less than a ' 
thousandth of an inch; that it is undesirable to place much. reliance upon them. For^ 
as already stated, it is very doubtful whether results based on hourly observations for 40 
to 50 days in each month are sufficient to eliminate all irregularities and give accurate ■ 
results by the application of the Besselian methods of resolution. 

The utmost that can be said is that there appears to be a marked tendency to the 
occurrence of the absolute minimum amplitude of the fourth component in June or July. 
Its value is very small, averaging *00045" in Tropical India and •00064" Extra-Tropical ■ 

India. ■ ... 

The amplitude does not appear to depend directly upon geographical position, 

elevation or position with respect to the sea or mountain, ridges and varies irregularly 

from station to station. 
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The following table gives a summary of the mean monthly values of the amplitude of 
the fourth component in six groups of stations, derived from the data of table CXVII ;~ 


Area. 



Mean amputode op the fourth 

COMPONENT. 




ti 

g 

rj 
— t 

1C 

« 

lb 

w 

n 

& 

< 

0 

1> 

B 

ZS 

•—> 

9 

3 

U 

3 

< 

September. 

October. 

November. 

December. 


• 

9 

B 


• 


•f 

u 

9 

9 

V 

* 

Extr.vTr0pic.1I India, Inland . 

•00300 

•00132 

•00095 

•0009S 

•00137 

•OOIlO 

*00112 

•ootoG 

•00115 

'00149 

00194 

•00301 

Extra-Tropic.ll Irdi.i, Coast . 

•00173 

•oolU 

•00065 

•OC 0S7 

•00104 

•00072 

•0007s 

• 0 O 1 S 9 

■00087 

•001 69 

•0017S 

•00303 

Tropical Indi.i, Inland . . 

■00184 

•001 7 1 

•oooqi 

*00103 

•00095 

•00073 

•00070 

•oooSo 

00x30 

'00109 

■0017; 

•00204 

Tropic.ll India, Co.ist . 

*00215 

•od2i6 

•00160 

*00tI2 

•00071 

•0008 1 

•00054 

*00102 

•00108 

•00174 

•00149 

•00184 

Moumntn Pcalt . , 

•Oot/J 

•OOtOj 

•000S6 

•00076 

00074 

00073 

■00064 

•0009S 

00121 


•DO 1 05 

•00187 

.Mountain Valley . 

•0034c 

•00195 

•oott6 

*00124 

•00117 

•00131 

*00103 

*00124 

‘00099 

'00138 

•00171 

•00347 


The following table gives monthly data of the epochs of the first maximum phase 
of the fourth component in its diurnal variation for the six groups of stations : — • 


Area. 




Mean 

EPOCH 

OF Tim 

roURTJI COMPONENT. 




JJ 

3 

C 

*1 

A 

« 

•5 

n 

c. 

< 

A 

rl 

c 

c 

9 

S 

ta 

9 

< 

c 

0 

'1 

il 

to 

■ 

' 1 
(S 

0 

JSt 

E 

V 

i 

.0 

a 

V 

u 

v 

0 


H. M. 

H. M. 

H. M. 

H. M. H. .M. 

H. M. 

H. M. 

H. M. 

H. M. 

H. M. 

H. M. 

11. M. 

Exlra-Tfopic.lI India, Inland . 

3 4' 

4 4 

3 '3 

2 34 

2 33 

3 as 

3 3 

2 32 

2 36 

3 3» 

3 39 

3 47 

Extra-Tropical India, Coast 

3 5S 

3 55 

3 13 

2 21 

3 0 

3 8 

2 45 

3 43 

3 54 

3 44 

3 38 

3 49 

Tropical Indi.i, Inl.ind . 

3 to 

5 39 

3 48 

s 9 

6 6 

6 I 

6 9 

5 to 

3 1 

3 20 

t 53 

2 3 

Tropical Indi.i, Coast 

3 40 

3 54 

3 34 

3 3 

2 13 

2 s 

I ss 

3 36 

3 30 

3 28 

3 24 

2 27 

Mountain Pe.ik • . . 

4 14 

4 27 

4 24 

3.5 

2 49 

2 47 

2 36 

4 9 

3 S 3 

3 4 S 

3 34 

4 0 

Mountain Valley • • 

4 »9 

4 SG 

4 6 

4 47 

1 8 

2 40 

I 40 

2 3S 

1 23 

2 38 

4 20 

4 23 


The preceding data siiow the large variability in the epoch of the fourth component, 
the period of which is only six hours. The epochs are generally earliest in June or July 
and latest in Janua'ry or February, the range of variation averaging two hours. 

The following gives a summary of the more important features of the fourth compo- 
nen — 

{/) The amplitude cf the fourth component is small in India, averaging •00134'' in Tropical 

India and •00104” in Extra-Tropical India. 

(a) Its variability is very large, twice as large as that of the third component, and six times 
as large as that of either the first or second component. 

(j) The monthly values of the amplitude of the fourth component have a well marked primary 
maximum and minimum. 

[4) The primary maximum is in December in Tropical India and in January in Extra-Tropical 
India. The maximum values arc slightly larger in Extra-Tropical than in Tropical India, 
averaging -00328'' in the former area and.-oooS^" in the latter area. 

5. The minimum values arc more irregular in their occurrence than the maximtm. They are 
at the great majority of stations in both Extra-Tropical and Tropical India in June or July. The 
epoch of the maximum and minimum -.•alucs hence agree approximately with the periods of greatest 
and least distance of the sun from the earth. The minimum values average -00043" in Tropical 
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DISCUSSION OF THE RESULTS OF THE HOURLY OBSERVATIONS 


India and -0006/ in Extra-Tropical India, and are hcncc slightly larger in . the latter thanlht 

former area. • 

6. The mean maximum and minimum values arc not proportional to the s'lu'arc cf ihe-sm' 

distance at perigee and apogee. , • 

7. The variations in the amplitudes from month to. month or from station id station do .not 

appear to depend tipon geographical position or local conditions. , 

S. There is a tendency to the occurrence of secondary minima and maxima values atthemajdtUf 
of stations, the former in March and Septemher and the latter in May and August. • : 

7. The amplitudes of the fourth component vary on the whole in a similar manner io 'those oj 
the second component. , . ’ • 


TABLE CXIV . — Showing the amplitudes of Ui of air pressure. 


































UEconoun at io stations in india. 

T.vI.L!', CX\ .—A'i.-'vi’rt;;; (r.c nr’:H!{iidi's ef V. vf r.ir f’ri'ssun'. 





Elevation 

feet. 


310 DISCUSSION OP THE RESULTS OF THE HOURLY OBSERVATIONS 
Table CXVI . — Shorjing the amplitudes ef U, of air pressure. . 
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31I 










Latitude North 


DISCUSSION OF THE RESULTS OF THE HOURLY OBSERVATIONS:' 
Table CXVIII ,— the epochs of the first component ( Oj) 0 / air pressure, . 



Trichiticpoly 


L47S ecliary 


1,840 Poona 


8a Cuttack 


5 


'3 

16 

5 S8 

7 

44 

7 

12 

7 

29 


7 4 
6 25 

6 40 
5 40 

8 I 

5 46 

7 3 

7 41 

8 8 7 22 
7 4 558 
7 23 6 28 
7 52 6 46 

7 25 fi 4 S 

I 

8 7 6 »S 
7 35 7 8 
7 22 6 24 
7 3 t 6 33 
7 55 6 58 
84 7 26 
7 56 7 <6 

7 27 0 45 

8 F 8 iC 


4 45 4 41 4 56 
7 39 7 53 5 42 

5 37 S >8 5 24 

5 37 5 32 66 

6 18 5 37 6 I 

5 48 6 8 5 56 

6 27 5 »2 5 35 
9 S3 8 12 7 13 
5 43 5 39 6 0 
631 6 ' 8 6 35 
S 54 5 38 6 3$ 
8,37 732 837 
5 57 .6 31 7 5 

7 27 6 SI 6 sj 
6,39 6 39 7 57 
7 39 76 79 

5 40 0 32 6 46 
6 52 7 46 
6 30 7 15 
6 IS 6 40 

6 16 6 12 73 

7 5 6 58 7 SI 

7 22 7 37 7 46 

7 16 6 42 , 6 44 
7 42 7 55 7 57 

7 S8 7 5 ? 8 25 
9 27 II 9 

8 32 8 34 

6 10 6 40 


5 46 7 26 

558 558 

6 18 G 30 

6 16 6 27 

5 52, 6 20 

'6 2 6 ^ 

7 34 7 36 

6 6 'ss4j 
7,8 74 
5 31 '650 

8 50 8 40 8 s 3 

6 42 6 52 6 s 5 

7 O' 7 0 

■8 

6 -33 7 9 , 

! 

6 55 6 46 

8 o 753 

7 12 6 5O 
6 18 s 58 
6 49 6 39' 

8 6 8 9 
8 0 8 22 
6 36 6 I 
8 24 811 


34 4 5.204 





























recorded at 29 STATIONS IN INDIA. 

Table CXIX. Showing ihc epochs of the second component (U ^ of the edf presst&e. 


V 

JS 

c 

0 

rt 

5 

b: 

STAtlON. 

tJ. 

v> 

t4 

n 

n 

« 

5 

J 3 

tl 

Vu 

•e 

u 

% 

< 



H. M. 

H. M. 

H. M. 

H. M. 

193 

Trivandrum 

9 30 

9 38 

9 34 

9 36 

6,200 

Agustia . 

9 42 

to 0 

9 59 

9 49 

255 

Trichinopoly 

9 50 

9 59 

9 59 

9 58 

94 

Aden . 

9 34 

9 44 

9 56 

9 59 

22 

Madras 

9 45 

9 52 

9 50 

9 49 

M75 Bcllar>' 

9 52 

to 4 

9 59 

to 4 

2,524^ Bdgaum . 

9 34 

9 44 

9 43 

9 37 

4i| Rangoon , 

9 45 

9 S3 

9 S3 

10 I 

1,840^ Poona . 

9 31 

9 48 

9 43 

9 32 

37| Bombay . 

9 43 

9 St 

9 S3 

9 54 

Bo^ Cuttack . 

9 49 

9 57 

9 54 

9 50 

1,0:3 Nagpur . 

9 48 

to 0 

9 58 

9 52 

8?! Chittagong 

to t 

to 13 

10 12 

to 9 

1 

3,528 Pachmarhi. 

9 54 

to I 

10 2 

to 3 

21 

Calcutta . 

9 57 

to 12 

10 12 

to II 

1,327 Jubbulpore 

9 S3 

9 58 

S SG 

9 53 

24207 

Hai.aribagh 

to 7 

10 21 

10 16 

to 20 

466,' Deesa 

9 40 

9 53 

9 49 

9 42 

49 

Kurrachec . 

9 41 

9 58 

9 58 

9 57 

309 Allahabad » 

9 54 

to 3 

to 4 

to I 

1S3 

Patna 

9 56 

to 8 

to 5 

10 7 

ns 

Dhubri 

to 3 

to 2 

to t3 

to 23 

3S6 

Goalpara , 

9 5O 

9 59 

to I 

10 4 

370 

Lucknow . 

10 4 

10 It 

to 8 

10 9 

t,43t 

Jaipur 

9 5 ^ 

to 5 

to 4 

to 3 

333 

Sibsagar . 

9 54 

9 58 

9 57 

10 3 

555 

Agra 

10 0 

to 6 

to 7 

10 3 

88; 

Roorkec . 

10 5 

to lO 

to iG 

10 12 

7,070 

Simla 

10 24 

to 34 

to 3t 

10 26 

702 

Lahore • 

to 2( 

to 36 

to 28 

to 22 

11,503 

Lch . . 

948 

to 3 

to 6 

9 53 

5,204 

Srinagar . 

to 17 

to 23 

to iG 

10 2 



H. M. 
9 42 
9 44 
9 52 
9 42 

9 53 

10 9 
9 48 
to S 

9 49 
9 54 to 2 
9 56 9 58 

9 48 10 4 

10 18 10 IS ; 

10 8. 10 II 

to 9 to 12 
9 49 9 49 

10 IS 


H. M. 

9 47 . 

10 4 to o 

9 S3 9 S3 
9 56 9 39 

9 57 9 S3 

10 4 to 5 
j 9 52 9 52 
10 to to 12 
to o 9 52 
to C 9 57 
to 4 to I 
to 10 to o 


H. M. H. M. 
9 29 9 16 
9 49 9 34 
9 48 9 38 
9 37 9 26 
9 39 9 28 
9 S3 9 39 

9 35 9 24 

10 2 9 43 

9 30 9 21 

9 45 9 25 I 
9 5t 9 34 

I 

9 44 9 28 
to 0 9 45 
9 59 9 42 
to 3 9 43 
9 50 9 35 

to 9 to I 
9 46 9 27 
9 49 9 28 
9 58 9 44 
to 6 9 43 
to 9 9 47 
9 56 1 
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3r4 DISCUSSION OF THE RESULTS OF THE HOURLY .OBSERVATIONS 

. Table CXX-Shomiug Ihe epochs of the third component ifJ^ of air pressure.' 



Trivandrum 
Agustia . 
Trichinopoly 

Aden 

Madras 

Bellary 

Belgaum . 

Rangoon . 

Poona . 

Bombay . 

Cuttack • 

Nagpur 

Chittttgong 

Pachmarhi 

Calcutta, 

Jubbulporc 

Hazaribag 

Deesa 

Kurrachoe 

Allahabad 

Patna 

Dhubri 

Goalpara 

Lucknow 

Jaipur 

Sibsagar 

Agra. 

Roorkce 

Simla 

Lahore 

Leb ■ 

Srinagar 

























H. M. H. M. H. M. 


rivandrum 


4 38 

Triqhinopolj’l 3 4 S 


Madras 


80 CuUack 


3331 Sibsajjar 

Roorkco 


3 38 1 3 45 = 
4 aO 


3 59 

2 51 

4 14 4 38 
4 53 4 3 
o o , 
2949 
25 * 2 13 
2 29 2 4 
2 34 o 33 

2 15 1 26 

4 3 0 53 

3 52 5 48 

5, 23 o 3t 
2 26 3 12 

5 49 o 9 ‘5 43 
2 S4 I 38 
2 9 2 i3 

O '2 23 

4 30- I 30 


H. M.H. M.H. M.H. M. 
4 <5 3 56 3 59 3 43 
3 IS 4 3 3 42 3 37 


3 56 3 32 

4 S‘ 3 56 

5 5 4 59 

5847 
4 22 4 7 

3 12 4 57 
3 3t 3 17 
3 38 3 21 

3 0 3 28 

3 56 3 49 


3 53- '3 35 

3 U 3 9 
2 24 I 3 13 j o 27 3 32 

4 44 3 38 


4 7 

1 4 44 

1 30 

1 4 52 


4 39 

3 40 

3 52 

4 3 

5 2 

4 9 

3 zS 

3 40 

3 14 

3 34 

3 24 

3 23 

3 23 

3 54 

3 37 

3 38 

3 29 

3 52 

3 47 

3 54 

■3 43 

CO 

3 36 

3 31 

3 aS- 

•■3 58 


3 3J 2 54 3 16 3 34 

2 3t j 7 2 53 1 9 

5 42 2 33 S 39 *30 

o I 2 5 44 4 3 

2 12 2 14 2 18 2 23 

3 JS 34 27 2 49 

4 23 5 37 

4 4 > 2 30 

2 IS 2 10 

,2 29 3 14 I 33 

S 43 « »7 


2 10 1 

I 

1 0 I 

■»i 

0 6 

2 23 
2 38 

1 2 

> 9 

2 17 

I 47 h 43 I 3 5 3 S3 
5 6 4 22 
4 3 3 52 

o 54 3 27 
2 45 3 25 
o 39 0 45 


2. IS 3 38 

1 47 3 30 

o 42 4 15 
3 56 3 30 
3 32 3 23 

1730 

2 26 3 iS 

2 51 2 S2 


3 48 

3 23 

3 59 

4 II 

3 44 

3 39 

3 43 

3 3 

3 58 

4 12 

■3/2 

3 31 

3 23 

2 4S 

4 4 

3 28 

* 

4 25 

3 45 

3 8 

3 41 

3 *2 

4 0 

3 14 

.. .t- 

^ • r. 


■ 2 P 
































